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MOSSES. 


By Mr. H. N. Drxon, M.A.; F.L.8., anp Rev. W. Waurer Warts. 


INTRODUCTION. 
By Rev. W. W. Warts. 


Iy the absence of specimens of Antarctic Mosses in Australia, and even of some of the 
necessary literature, the satisfactory determination of the material submitted to the 
Sydney Herbarium was impossible without an appeal to some European expert. In 
ordinary circumstances, specimens would have been sent to M. Jules Cardot, who 
has made the study of the Antarctic Mosses peculiarly his own; but, unfortunately, 
M. Cardot’s residence was within the war-zone. The co-operation, therefore, of Mr. 
H. N. Dixon, the well-known British bryologist, was sought and most readily given. 
In one case, Mr. Dixon was enabled to get the valued opinion of M. Cardot, whose 
herbarium of rarities, I deeply regret to learn, has “fallen a prey to the Germans.” 
If this means “destroyed,” the loss is irreparable, and, in any case, the sincere 


sympathy of all bryologists will go out towards M. Cardot, whose fine work has won 
world-wide appreciation. 


The specimens dealt with in these notes were collected by Mr. ©. T. Harrison 
and Dr. 8. H. Jones in different parts of Queen Mary’s Land, which is situated on the 
Antarctic Circle between 90° and 100° E. longitude. 


Although the species collected were few in number, they presented many 
difficulties, owing especially to the range of variation exhibited in specimens that it 
has been found inadvisable to separate specifically. 


QUEEN MARY’S LAND MOSSES. 


1. Ceratodon purpureus (L.) Brid., forma. 


Herb., Syd., Nos. 8a and 9a: leg. C. T. Harrison at Watson’s Nunatak, 35 miles 
east of the Western Base (mixed with Grimmia fastigiata); also Herb., Syd., 
No. 2: leg. C. T. Harrison at “ Delta” Bluff, 110 miles east of the Western 
Base. 


A sterile form, coming near to C. grossiretis Card. (Not. Prélim. in Bull. Herb. 
Boiss., 2me sér, vi, 14) in the form of the leaves, the stout nerve, and the peculiar 
hexagonal, thin-walled, lax areolation of some of the leaves. The cells do not, however; 
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reach the dimensions of those of Cardot’s plant, though they are much larger than in 
the typical form; and the upper leaves usually show a much greater resemblance to 
those of the ordinary C. purpureus, both in shape and in the cell structure (in size and 
form of cells and in thickness of walls). 


2. Sarconeurum glaciale (H.f.W.) Card. et Bryhn; Didymadon (?) glacialis H.Af.W.,. 
Fl. Antarct. II, 408 (1847). 


Herb., Syd., No. 1: Collected by Dr. 8. E. Jones at Haswell Island, 60 miles west 
of the Western Base. 


This interesting moss is peculiar to the Antarctic region, but is, clearly, widely 
distributed there. 


‘ 


3. Grommia fastigiata Card., Not. Prélim. in Bull. Herb. Boiss., 2me sér., v, 1003. 


Herb., Syd., Nos. 4 (c. fr.), 4a, 6 (c. fr.), 8 and 9: leg. C. T. Harrison at Watson’s 
Nunatak, 35 miles east of the Western Base. 


Nos. 4 and 4a agree exactly with Cardot’s plant, in habit, in dense fastigiate 
branching, in form of leaves and in areolation; but they differ, apparently, in being 
dioicous. Careful examination revealed no ¢ flowers, but numerous @ ones on many 
of the stems. Cardot first described his plant as dioicous, but later found it to be 
autoicous. This appears to indicate, either a possible dimorphism, or else that 
the ¢ flowers are few and very inconspicuous. No. 6 is certainly autoicous, at any 
rate in part, and is clearly the same plant as No. 4. The species is, perhaps, to be 
considered heteroicous. Whatever the explanation of the varied inflorescence, the 
resemblances between the two plants appear to be so much more marked than the 
differences that Mr. Harrison’s plant must undoubtedly be referred to G. jastigiata. 
It is closely allied to G. trichophylla Grev. The somewhat ill-developed capsules show 
no difference from those of that species. No. 4 has the typically yellowish colour of 
G. trichophylla; 4a is a sterile, shorter, blackish form, with shorter hair-points. Nos. 
8 and 9 are also to be referred to this species. 


4. Grimmia stolonifera C.M. 


Herb., Syd., Nos. 5 and 7: leg. C. T. Harrison at Watson’s Nunatak, 35 miles east 
of the Western Base. 


This is a fine form of Mueller’s plant, which is, according to the description, 
much shorter, with a distinct hair-point; here it is very minute. This is the ¢ 
plant, and the male plant, in Grimmia, occasionally shows rather marked secondary 
characters; so that these differences may, perhaps, be due to that cause, rather 
than to any specific or varietal distinction. The specimens (5 and 7) were submitted 
to Mons. Cardot, who confirmed the determination, expressing his opinion as follows :— 


~ Cette plante me parait bien voisine du G. stolonifera C.M., de Kerguelen; elle 
n’ en difiére que par l’absence presque compléte de poil sur toutes les feuilles et par les 
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cellules du tissu un peu plus grandes; néanmoins j’hésiterais beaucoup a les séparer 
spécifiquement d’autant plus que le port est tout-a-fait le méme.” 


5. Bryum antarcticum HA.W., forme. 
Herb. Syd., No. 1b: leg. Dr. 8. E. Jones at Haswell Island, 60 miles west of the 
Western Base; 3, 3a, 3b, 3c: leg. C. T. Harrison, “ Hippo” Rock, 80 miles 
east of the Western Base. 


These are all forms of one species of Bryum. 10 differs from the rest in the non- 
tomentose stems, equally foliose throughout, not aggregated in comal tufts; but one 
of the tufts of No. 3 is exactly intermediate between the two forms in these respects. 
The leaves of 1b (short, wide, often obtuse, with plane margin, and short nerve usually 
ceasing below the apex) are very different from those of 3b, where the leaves are mostly 
acuminate, with revolute margin and nerve usually excurrent; but several of the tufts 
in the other packets contain stems with leaves showing all stages intermediate between 
these two forms, while, in a few cases, notably in 3a, there are to be found, on the same 
plant, branches bearing leaves of the most fully-developed form, with others on which 
the leaves are just asin 1b. The tufts show a good deal of variability in height, degree 
of density, amount of tomentum, freedom, or otherwise, from earthy matter, as well 
as in size of leaves, density of foliation, &c.; but it is quite obvious that these are 
merely the results of local conditions of growth, exposure and so on. 


As to the proper name for the plant. Ifthe most highly developed form were 
taken, it would, without doubt, be referable to Bryuwm austro-polare Card., while 1b 
would almost as certainly be placed under B. Gerlacher Card., or B. filicaule Broth. 
On the other hand, the dwarf, small-leaved, compact forms, occurring especially in 38¢, 
are the exact counterpart of B. antarcticum HA.W.; and, this being the earliest 
name, all the forms must, in our judgment, be placed there. 


Mr. Dixon writes: “I have unfortunately been unable to see any of the species 
named above (except B. antarcticum), and I do not feel able, therefore, to express a 
definite judgment; but from the careful descriptions and figures given by the authors, 
I have, personally, no doubt, in view of the characters revealed by the present specimens, 
that the following species must be considered synonymous with B. antarcticum, viz. : 
B. filicawe Broth., in Deutsch. Sudpol. Exped. vii, Bot., Laubm. 91; B. Gerlacher 
(Card.) Card., Résult Voyage “ Belgica,” Mousses, 36; B. inconnecum Card., in Rev. 
Bryol., 1900, 44; B. austro-polare Card., in Rev. Bryol., 1900, 45; and probably B. 
algens Card., National Antarct. Exped., Musci, 5.” 


From the above notes it will be seen that the mosses collected by Mr. Harrison 
and Dr. Jones have proved intensely interesting, and have raised some important 
bryological problems. . 
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THE ALGAY OF COMMONWEALTH BAY. 


By A. H. S. Lucas, M.A. Oxon., B.Sc., Lond. 


CHLOROPHYCEZ: (Kuetz ew parte) Wittrock. 


Unvacem (Lamouroux) Rabenhorst. 
Prasiola C. Agardh. 
Prasiola crispa (Lightfoot) Agardh. 


Many packets of this plant were gathered by Mr. J. G. Hunter, in both winter 
and summer months, at heights of from 20 to 50 feet above sea-level, in the neighbourhood 
of Commonwealth Bay. 


His records are :— 


March 30th, 1912.—Found on soil mainly composed of penguin guano on leeward 
side of ridge of gneissic rocks, and so protected from §.8.E. blizzard winds, 
30 feet above sea-level. 

June 21st, 26th, 1912.—Found in crevices of rocks and covered with snow, 20 feet 
above sea-level. ! 


July 21st, 1912.—Found on an old penguin rookery in crevices of rocks, 40 feet 
above sea-level. 


Dec. 2nd, 1912.—Specimens obtained from moraines 30 feet above sea-level. 
Dec. 15th, 1912.—From 30-50 feet above sea-level. 
Dec. 21st, 1912.—20 feet above sea-level. 


It was also gathered in a locality 120 miles H. of the winter quarters, Adelie 
Land, by Dr. A. L. McLean. 


The stratum of Prasiola was a few mm. thick, to 5 or 6 mm. in the dried state, 
and. consisted of many layers of the thalli of the alga. The fronds when examined 
under the microscope showed great variety of form, from orbicular to long Séegeonema- 
like bands, and were often completely irregular in shape. 


The cells before division varied considerably in dimensions, but a good average 
of them were oblong-quadrangular, about lly x 54. Kuetzing made a separate 
species of the Antarctic form obtained by Hooker at Cockburn IL., the larger cells 6 
(about) in diameter, with interspaces wider than the endochrome of the cells. Our 
dimensions agree better with those of P. crispa, and the interspaces are not markedly 
wide. J. Agardh comments on a difference in habit, P. antarctica appearing on moist 
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rocks, while P. crispa is rarely found to occur on rocks. ‘The specific distinction seems 
rather trivial, while the difference in habit is perhaps simply due to the fact that if the 
plant is to grow in Antarctica at all, it must be on rocks or in their crevices. There is 
no soil proper for them to grow on. =P. erispa in Europe specially affects moist bare 
ground impregnated with urine and old thatched roofs. Its appearance in Antarctica 
on guano seems, therefore, perfectly natural. | 


Dr. L. Gain in Deuxiéme Expédition Antarctique Francaise, La Flore Algologique, 
considers P. antarctica as 2 synonym of P. crispa. 


(Plate 8, fig. 3, 4.) 


Distribution. —Widely distributed over Europe and North America, and occurring 
in the Arctic regions. 


In the Southern Seas it has been recorded from the Falkland, South Orkneys, 
Cockburn I., and was obtained by the Borchgrevink and Shackelton Expeditions from 
Victoria Land. 


Dr. L. Gain (l.c.p. 178), writes of it—‘‘ Abondant dans la région parcourue par 
le * Pourquoi-Pas ?’ On le rencontre surtout dans les parties basses, sur les petites 
iles, sur les rochers, prés des Mousses, aux endroits humides ot coule l’eau provenant 
de la fonte des neiges.”’ —Port Lockroy (ile Wiencke) Dec., les Booth-Wandel, Petermann, 
Argentine, Jenny, Léonie, Terre de Graham, January to March. 


Somewhat extended investigation failed to reveal any other alge growing with 
the Prasiola. Nothing definite was observed beyond a limited number of species of 
Infusoria, barbules of penguin feathers and bacteria. 


CLADOPHORACE® (Hassall) Wittrock. 
Chetomorpha Kuetzing. 
Chetomorpha Mawsoni, sp. nov. 


Species halophila. Filamentis flaccidis, gregariis, separate adfixis conico basali 
disco, ad 26 cm. longis : articulis e basi sensim incrassatis; inferioribus cylindraceis, 
haud ad septa constrictis, diam. 924; intermediis ovalibus, ad septa constzictis, 
diametro 3 plo longioribus, e.g., 400 x 1394; superioribus sensim magis inflatis, pro 
ratione latioribus, e.g., 570 x 276, dein 2,000 x 1,078p, supremis 2,000 x 1,333: 
membrana conspicua; colore (formalin) sordide viridi. 


Filaments flaccid, growing together in great numbers, but each provided with a 
Separate conical disc for attachment, and expanding very gradually from base to apex, 
attaining a length of as much as 26 cm. 


Disc conical, diameter of base 293p. 
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Cells above the base cylindrical, not constricted at the joints. . In this region 
the membrane thick and usually frayed. Diameter of cells 92u. The cylindrical 
cells are succeeded by oval oblong cells, constricted at the joints, to nearly three times 
as long as broad, ¢.g., 400 x 138-64. The superior cells more and more inflated, the 
ratio of the length to the diameter gradually decreasing, e.g., 570 x 276u, higher up 
2,000 x 1,078, while the highest may be 2 mm. long with a breadth of two-thirds or 


more of the length. 
Membrane conspicuous. Colour (in formalin solution) dull green. 


This species was obtained in great quantity in Commonwealth Bay by dredging. 
As I never found it attached to any of the other alge collected I think it Bes grew 
on rocks or stones at the bottom. 


It may be compared with Ch. clavata (Ag.) Kuetz irom India and South Africa, 
but the filaments in the latter grow from a large common attachment, and are much 


coarser at the base (750) and are rigid. 


The diagnosis of Ch. coliforms (Mont.) Kuetz suggests somewhat similar 
dimensions, but is very meagre. “‘Filamentis 7504 ad 2 mm. latis, -flaccidis : 
articulis inflatis, latitudine sesqui- ad subtriplo-longioribus. Hab. ad folia Zosterz 
epiphytica insule Toud (D’Urville) et. Tasmanie.” 

Ch. Darwinti (Hook) Kuetz. is much coarser throughout. It is our common 
southern form. I have specimens from Tasmania and from Cape Schank, Victoria, 


in which the upper vesicles attain a diameter of 4 mm. and 5 mm. respectively. Ch. 
Darwinii often appears with several filaments growing near together, but each attached 


separately to the alga on which it grows. 


On the whole it seems best to label the form from Commonwealth Bay, the only — 
locality in which it has been found, as a separate species, conspicuous by the extreme 
tenuity of the basal tract and the large superior vesicles. 

(Plate 4, figs. 1, 2, 3.) 


FUCOIDEE (Agardh) J-Agardh. 
LAMINARIACEa (Bory) Rostafinski. 
Phyllogigas Skottsberg. 

Phyllogigas grandifolius (A. and E. 8. Gepp) Skottsberg. 


This plant was well represented in the collection by a large number of individuals 
of different stages from very young to the full- -grown plant. The series rendered very 
evident the scheme of growth. 
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The frond consists of a flattened axis growing in one plane, terminating in a 
single lamina and giving off two or three pairs of opposite or approximately opposite 
branches, each consisting of a flattened stipel and expanded terminal lamina. The 
central terminal lamina is smaller at first than the lamine of the laterals below it, but 
finally it grows enormously and may constitute the greater portion of the frond. Not 
infrequently the lowest branch on the stipes is single, and other unpaired branches 
may occur at a higher level, but in our plants the prevailing character of the branching 
is opposite. There is no appearance of dichotomy. The youngest leaves are quite 
flat, but with growth the margins become more or less undulating. 


The complete system of branching is developed at an early stage, and the mature 
plant is developed by the expansion of the parts thus outlined. 


It will be useful to give more detailed description of some of the individuals 
obtained. 


1. This plant, though not the smallest in size, exhibited the simplest stage 
observed. It was attached to a complex of various growths, the attachment being 
smothered with Plocamium coccineum. .The common stipes was 4 em. long, flattened 
throughout. From the triangular distal expansion sprang the stipels of the three 
laminze which constituted the whole frond. Two were lateral and opposite. The 
third directly continued the primary axis. The whole plant was expanded in the 
plane of the flattening of the stipes. The lateral stipels were somewhat over 1 cm. 
long, nearly equal, and flattened in the general plane, without twist. The laminz 
were unequal, generally ovate-lanceolate, one somewhat falcate, the margins slightly 
undulate. The longer lamina measured 9-5 cm., while the falcate lamina was shorter. 
The terminal stipes was shorter than the lateral, the lamina narrower and lanceolate, 
8cm.long. In all the apices were narrowed but obtuse. 


(Plate 1, fig. 1.) 


In a smaller plant, which, however, exhibits further division of the frond, the 
attachment of the early stages is seen to consist in a single circle of holdfasts growing — 
out from the stipes. 


(Plate 1, fig. 2.) 


2. This plant showed further development. The total length was about 54 
cm. The common stipes terminated below in a rosette of stout irregular processes 
(holdfasts) spreading to a radius of 3 cm. At a height of 1-5 cm. sprang a second 
similar rosette of rather shorter holdfasts. At a height of 5-5 cm. above this second 
circle sprang the first lateral, single. At 3-75 cm. above this originated a pair of 
opposite laterals, and at a further height of 5-5 cm. a second pair arose. The 
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central stipes continued beyond the origin of the upper pair of laterals for about 1 cm., 
and terminated in a narrow lamina, the smallest of the six. The whole frond was 
flattened in the one plane. ‘The lamin all had distinct stipels; those of each pair 
were very unequal. They were broadly or narrowly lanceolate, the laterals very obtuse. 


It is evident that the terminal lamina is the youngest, and that the growth is 
acropetal. 


(Plate 2.) 


3. Our third example justified the generic and specific names. It consisted of 
a clump of twenty-one plants. At first sight 1t seemed as if they were growing irom a 
common attachment, a solid basal mass of about 13 cm. diameter, and height of 7°5 cm., 
but it was soon evident that the several plants could be easily parted, and that the basa] 
mass consisted of the bases of the several plants united together by the intergrowing 
and, mutual attachment of the leathery holdfasts springing from each of them. The 
longest frond attained a length of 213 cm., with a diameter of 3-125 cm. at the base. 
‘This plant bore three alternate laterals before it terminated in the apical lamina. This 
lamina was 57-5 cm. long, with a maximum diameter of 32-5 cm. Other lamine attained 
the length of 132 cm., with maximum width 23-75 cm., and 140 cm. with maximum width 
31-25. In this older form the undulation of the laminz was marked. Practically the 
mature plant is seen to be as it were merely an enlargement of a quite early stage. Also 
our series fully justifies Skottsberg’s view that Pinflogigas is characteristically a 
Laminarian i in its external form. 


One fragment showed a marked variation in the outline of the lamina. It 
consisted of a portion of a flat stipes (about 10 cm. present), which expanded into an 
apparently orbicular lamina. The margin was incomplete, but the length of the frond 
was clearly reduced, while the width was remarkably extended. 


(Plate 3.) 


Unfortunately, in none of our specimens could any appearance be detected of 
organs of reproduction. 


The structure of Phyllogigas is well illustrated by A. and E. 8. Gepp, who first 
described [it see National Antarctic Expedition, “Discovery,” vol. i, 1907, for full 
details]. Additional figures are given by Skottsberg, Swedish Expedition, “ Antarctica,” 
Pheeophyceen, 1907. 


Distribution. —Phyllogigas has a wide range in Antarctic Seas. It was obtained 
by the “ Antarctica,” from both South Georgia and near Graham Land, and by the 
“Discovery,” at Cape Adare and Coulmein Island in Victoria Land. Fragments were 
dredged by the “‘ Pourquoi Pas?” at a depth of 40 m. near Weincke I. Thus Common- 
wealth Bay furnishes an intermediate locality. This Laminarian grows in Common- 
wealth Bay abundantly, at depths of from 10 to 40 metres. 
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DESMARESTIACE (Thuret) Ayellman. 
Desmarestia Lamouroux. 
Desmarestia compressa (Reinsch) Skottsberg=D. Harveyana Gepp. 

Various fragments and one handsome specimen nearly 6 feet long. 

Fully figured by A. and EH. 8. Gepp, with detailed structure, National Anctarctic 
Expedition, “Discovery,” Natural History, vol. iii, Skottsberg, “ Antarctica ” 
Pheophyceen, gives a photograph of an entire plant showing the attachment. 

Distribution.—South Georgia, South Shetlands (Deception, King George); 
Cockburn I, Gerlache Sts., Booth-Wandel, Petermann and Argentine Islands; 
Kerguelen; Cape Adare and Coulmein Is., Victoria Land. Commonwealth Bay is 
again an intermediate station. 

The species is sublittoral in its habitat. Thus L. Gain, Second French Expedition, 
“Pourquoi Pas?” La Flore Algologique, p. 38, writes, “Le D. compressa est trés 
commun, dans toute la région ouest de la terre Louis-Philippe et de la terre de Graham, 
ou il forme une zone characteristique assez loin au dessous du niveau des basses mers. ’ 
And Skottsberg, lc. p. 19, “ Auf Fels-und Stein-grund der sublitorales Region bis zu 
ihrer untersten Grenze (etwa 40 m.), ausnahmsweise kleine Exemplare in Tiimpeln des 


Gezeitensgebiets.” 
Ecrocarpaces® (Agardh) Kuetzing. 


Geminocarpus Skottsberg. 
Geminocarpus gemmmatus (Hooker fil. and Harvey) Skottsberg. 

Plants were found growing attached to Plocamiwm coccineum. Typical form 
showing plurilocular sporangia. 

Distribution.—Southern South America (Hooker, Hariot, Skottsberg), Falkland 
I. (Hooker, Skottsberg), South Georgia (Skottsberg), Booth-Wandel (‘Turquet), 
Petermann I. (L. Gain), Kerguelen, Cape Adare, Victoria Land. It also occurred in 
the material collected by the Mawson Expedition at Macquarie Island. 


FLORIDEZ Lamourouz. 


GIGARTINACEE Schmutz. GIGARTINEEH J. Agardh. 
Irtipma Bory. 
Iridea cordata (Turner) J. Ag. 


Dr. L. Gain,“ La Flore Algologique des Régions Antarctiques et Subantarctiques,”’ 
pp. 55-57, demonstrates the identity of the southern J. micans Bory with the northern 
I. cordata Turner, and justifies the inclusion in J. cordata of the forms described as 
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distinct species—I. dichotoma Hooker and Harvey, I. undulosa Bory, I. crispata Bory, 
I. Augustine Bory, I. ciliata Kuetzing, and with less certainty, I. obovata Kuetzing, 
I. dentata Kuetzing, and I. capensis J. Ag. 


Two specimens from Commonwealth Bay come well under the description of I. 
cordata. The general outline is cordate sub-reniform and the margins lack marginal 
teeth and cilia. 


The larger plant measures 14 cm. in length and 15 cm. in width, eminently cordate 
above the conspicuous stipes, which is flat, not at all canaliculate. 


The smaller plant measures 9 cm. in length and about 7 cm. in width, and has 
Dot yet developed the cordate form at the base above the conspicuous stipes, which is 
also flat, though the margins show a tendency to fold over below. Length of stipes 
1 cm. 


Iridea Mawsoni sp. nov. 


Two plants with the structure of Iridea which were obtained at Commonwealth 
Bay do not seem to be capable of being included under the most general description of 
I. cordata. They are not at all cordate. The following description is given from the 
larger plant, or more strictly, group of plants. 


Frondes a disco radicali gregarie, ad 17 cm. long, breviter stipitat, juniores 
lineares, adultiores subpalmatee. Stipes angustus, mox cuneatim vel flabellatim in 
laminam ad 5 cm. latam expansus, eX qua crescunt lacinie (vel potius segmenta) 
pauciores, ad sex notate. Lacinie late lanceolate, rotundatis sinubus divergentes, 
plerumque apud basim constructs, in acumen obtusum maxime distinguendum 
products. Margines laciniarum leniter undulati, ut solet integri raro parvis excrescentibus 
interrupti. Lamine crass, primo plane mox ancipites, ultimo cave. Substantia 
gelatinoso-carnosa. Stratum frondis interius cellulis constat cylindraceis et multangulatis 
angulis porrectis cylindraceis cum vicinis anastomosantibus, omnibus reticulum laxis- 
sinum in medio laxius formantibus. Stratum subexternum cellulis angulatis in paucas 
series parallelas ad marginem, cylindraceis filis etiam anastomosantibus. Stratum 
externum filis moniliformibus, articulatis cellulis rotundioribus, dichotomo-fastigiatis, 
ab subexterno strato verticaliter exeuntibus, muco solidescente cohibitis, constituitur. — 


Color rubro-purpureus. Cystocarpia et tetrasporangia ignota. 


Fronds gregarious from a radical disc, each shortly stipitate, extending to a 
maximum length of 17 cm., the younger linear entire, the older subpalmately divided. 
Stipes narrow, soon diverging into a broad lamina to 5 cm. wide. From this arise a 
small number, to 6 noted, of segments or lacinie. Laciniz broadly lanceolate. 
separated by rounded sinuses, generally narrower’at the base and terminated rather 
abruptly by a very conspicuous obtuse acumen. Margins of the lacinize moderately 
undulate, for the most part entire, occasionally interrupted by small outgrowths. 


Lamine thick, at first flat, but soon convex, finally hollow. Substance gelatinc-carnose. 
*20218—C Vou. VII, Parr 2. 
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Structure.—The interior stratum of the frond consists of cylindrical and many- 
angled cells, the angles produced into threads which anastomose with those of neigh- 
bouring cells, and form a loose network, looser in the centre. A sub-external stratum 
consists of angular cells grouped in series parallel to the surface of the frond and 
anastomosing with cells of the small and of adjacent series. The external stratum is 
formed of small rounded cells arranged in dichotomous-fastigiate series perpendicular 
to the surface, the cells held together in quasi filaments by a firm mucus. 


Colour reddish-purple. No cystocarps or tetrasporangia observed. 


(Plate 5. Plate 9, fig. 3). 


TYLOcARPEH Kuelzing. 
Phyllophora Greville. 
Phyllophora antarctica A. and E. 8. Gepp. 


Many examples of this species were dredged at a depth of 45-50 fathoms in 
Commonwealth Bay. Some were growing on worm tubes and sponges, but most. 
had been detached by the dredge. They were of the form and structure of the plants 
described by A. and E. S. Gepp, National Antarctic Expedition, 1901-1904, Marine 
Algee, p. 12, Pl. IV, fig. 21,22. Our largest specimen measured about 9 cm. in length. 
I could not find fruits of either kind. 


Distribution. —Hitherto only recorded from off Cape Wadsworth, Coulmein I., 
Victoria Land. 


CALLYMENIE® (J. Ag.) Schmitz. 


Callymenia J. Agardh. 
Callymenia antarctica Hariot. 


This alga was described by Hariot from a single specimen obtained by the First 
French Antarctic Expedition, [le Booth Wandel, dredged at 30 metres depth. 


His description is “ Frondes numerose lapidibus ima basi adfixee, cxespitem 
emulantes, alize vix evolute, altere ad 20 cm. alte, longe cuneate et late deltoidex, 
margine integra, apice sat profunde fere ad medium plurieslaciniato divise. Fructus 
ignoti. Facies Rhodymenie, structura Callymeniz.” 


Dr. L. Gain records also a single specimen, not well preserved, which was gathered 
in a dredging at 30 metres in the Peltier Channel, near Ile Wiencke, by the “ Pourquoi 
Pas?” 


It is with some hesitation that I ascribe to this species a Callymenia dredged 
by the Mawson Expedition at 60 fathoms in lat. 65° 42’ S., long. 92° 10’ E. Several 
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examples were preserved which vary greatly in the general outline of the frond, some 
much laciniated, others, as in the fligure, much less so. Some fronds were sterile, others 
bore cystocarps. The cystocarps and structure of the frond are characteristic of 


Callymenia. 
(Plate 6, figs. 1, 2. 3.) 


SPHHROCOCCACEA (Dumort) Schmidt. 
GRACILARIES (Naegeli) J. Agardh. | 
Gracilaria Greville. 
Gracilaria simplex Gepp. 


Evidently abundant on the station. A large number of examples were collected 


some simple, and others showing most of the complex growths depicted by L. Gain, 
Charcot Expédition, La Flore Algologique, Plate VI. 


Distrobution.—South Orkneys, Deception I., Islands Wiencke, Booth-Wandel, 
Petermann, and off Cape Wadsworth, Coulmein I., Victoria Land. 


(Plate 9, fig. 1, 2.) 


Plocannum Lamouroux. 
Plocamium coccineum (Hudson) Lyngbye. 


Evidently abundant in the locality. A young plant of Phyllogigas was collected 
(presumably dredged) with the attachment smothered in Plocamium. Others were 
growing with or on Irid@a and Gracilaria, but most of the samples collected were 
unattached. 


I failed to see cystocarps. Apparently these are rarely met with in the southern 
regions. Figures are given (Pl. 7, a, b) of the stichidia. Zonate division was obscure 
in the tetrasporangia, which were probably not mature. 


All European workers on Antarctic alge have identified the prevailing Plocamium 
as P. coccineum. De Toni, Sylloge IV, pp. 590, 591, apparently would restrict 
P. coccineum to Atlantic forms. He says, “ Specimina collecta in oceano australi ad 
littora Americe, Africe, Tasmanixe, Nove Zealandiz-aptius Plocamio leptophyllo 
videntur adscribenda.” He previously describes P. leptophyllum Kuetz. as the normal 
Tasmanian and Australian form. 


The Australasian Species, common in Tasmania and Victorian seas, extends 
along the New South Wales coast to the north of Sydney. In Southern Queensland 
and Norfolk Island its place is taken by P. hamatum. 
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In order to make a comparison of the two forms, it will be convenient to show 


the descriptions as given by De Toni in parallel columns. 


difference are in italics (ours). 


P. leptophyllum. 


The points of apparent 


P. coccineum. 


Fronde anguste lineari, ecostata, decomposito- 
pinnata, ~ 

plnnis alterne 3-5, omnibus angustissimis a basi 
latiore longe acuminatis, infima simplici nunc 
recurvata et subcircinatim revoluta, 

laciniis superiorum rectis subulatis integerrimis ; 


Sporophyllis secus margines seriatis supra stipitem 
longiorem lanceolatis simpliciusculis, 
infra apicem apiculo unilaterali aut duobus oppositis 


Fronde anguste lineari, ecostata, decomposito- 
pinnata, 
pinnis alterne ternis vel quaternis, 
(Conf. var. uncinatum J. Ag.) 


inferiori laciniisque superiorum a basi parwm 
latiore acuminatis subulatis integerrimis ; : 
Sporophyllis singulis supra stipitem lanceolatis 
simpliciusculis, ‘ 
aut infra apicem in apiculos paicos abeuntibus, 


brevioribus subcruciatis, 


duplici serie tetrasporangia monstrantibus. duplici serie tetrasporangia monstrantibus. 


For comparison I have figured sporophylls of a plant collected at Eden in the 
south of New South Wales, near the Victorian border. The sporophylls occur normally 
in threes, and are evidently transformed pinnules of various orders. (Plate 7, ¢, d.) 


Some are simply forked, others simple with one unilateral apiculus, others show 
the cruciate form, while in the rough sketch of another sporophyll from the same 
plant the branching is seen to be extremely complex—so as to diverge widely from 
Kuetzing’s description in P. leptophyllum. 


The length of the pedicels of the sporophylls varies a good deal, but whatever 
variation occurs in the Antarctic form occurs as freely in the Australian. The number 
of the pinne, 3-5 in P. leptophyllum and 3 or 4 in P. coccineum, is not of value as a 
constant character. I have plants I gathered off the Isle of Wight, England, in which 
there are several series of 5 pinne. The base of the primary pinne is wide in both 
forms, the base of the sporophylls usually narrow. 


My conclusion is that the Australian P. leptophyllum is identical with the 
Antarctic form, and I can see no valid reasons for separating either from P. coccineum. 


DELESSERIACE® (Naegeli) Schmitz. 
Schizoneura J.Ag. 
Schizoneura quercifolia (Bory) J.Ag. 
= Delesseria quercifolia Bory, Voyage de la Coquille, Atlas Cryptogams, Pl. 18. 


A number of plants were dredged by the collectors of the Mawson Expedition 
at a depth of 60 fathoms in lat. 65° 42’ S., long. 92° 10’ E., on 21st January, 1914. 
They were growing attached to stouter Floridex. 
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The fronds varied in length from 7 cm. to 18 cm. Unfortunately, all were sterile. 
The growth of the frond follows the growth of the branching axis. The main “costa” 
may persist to the extremity of the frond, giving out opposite, or approximately 
opposite, “veins”? at distances which increase as the part of the frond grows older. 
As growth proceeds, costa and veins increase in length in a somewhat sinuous course, 
the lamina not keeping pace with them. Thus the frond becomes lobed and takes 
on the oak-leaf form. The veins give out secondary veins in the same way. At certain 
points on the primary veins the lamina may be so much reduced, or be actually denuded, 
so that the lobe becomes a pinna. The general outline of a, young frond or young pinna 
is roughly oval. Then appear in order of growth sinuations, lobes, pinne or pinnule. 
Thus the originally simple frond may become bi- or tri-pinnate. The lamina of the 
main axis becomes denuded at the base with age, and thus an apparent stipes appears. 


Occasionally the main costa forks, and forms two equal branches, which develop 
in the normal manner. (Plate 8, figs. 1, 2.) 


Distribution. —North Pacific, Falkland I., Cape Horn, Ile Petermann (““ Pourquoi 
Pas?”), Hermite I., Kerguelen, off Cape Wadsworth, Coulmein I. (“ Discovery ”’). 


CERAMIACE& (Bonnemaison) Naegeli. 
Bornetia Thuret. 


Bornetia (?) antarctica (Hooker and Harvey) De Toni = Griffithsia antartica Hooker 
and Harvey. 


A single incomplete sterile filament was preserved which seems to belong to this 
species. 


It measured 5 cm. in length, and consisted in a chain of almost cylindrical cells, 
tapering at each end to the narrow constriction between the articuli. Each articulus 
was about 2 mm. long and -45 mm. wide, the dividing septa about -11 mm. wide. This 
agrees with the description given by De Toni, Sylloge IV, p. 1297, though the material 
is too meagre to enable me to speak with certainty. 


Distribution of Griffithsia antarctica as given by De Toni :—Rocks at Cape Horn, 
Hermite, Kerguelen, and Falkland Islands. Doubtfully identical the plants from 
Tasmania and New Zealand. 


Ballia Harvey. 


Ballia callitricha (Agardh) Montagne. 


Sparingly represented by worn fragments. One small fragment was present in 
the haul obtained by the dredge in 45-50 fathoms. 
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The form in every case was that desctibed as Ballia Hombroniana by Montagne. 


Distribution. Patagonia, Magellan Straits, Cape Horn, Terre des Etats, South 
Georgia, Petermann I., Falkland I., Crozet, Kerguelen, Auckland I, New Zealand, 
Tasmania, and the South and South-west coasts of Australia. (I have not met with 
it on the East coast of Australia.) 


This will then be the first record of the plant in the waters immediately sur- 
rounding the Antarctic Continent. 


ANTARCTIC MARINE ALGA) COLLECTED BY THE MAWSON 
EXPEDITION. 


CHLOROPHYCE2. 
Prasiola crispa (Lightf.) Menegh. 


*Chetomorpha Mawsoni sp. nov. 


PHHOPHYCER. 
Geminocarpus geminatus (Hook. and Harv.) Skottsberg. 
Phyllogigas grandijolius (Gepp) Skottsberg. 


Desmarestia compressa (Reinsch) Skottsberg. 
FLORIDE. 


Iridea cordata (Turn.) J.Ag. 

*Tridaa Mawsoni sp. nov. 

Phyllophora antarctica Gepp. 

Callymenia antarctica Hariot. 

Gracilaria simplex A. and E. 8. Gepp. 

Plocamium coccineum Lyngbye. 

Schizoneura quercifolia (Bory) J.Ag. 

Bornetia (?) antarctica (Hook. and Harv.) De Toni. 

Ballia callitricha (Ag.) Mont. Form B. Hombroniana Mont. 

The two species marked by an asterisk are considered to be new to science. 

Ballia callitricha has not as yet been found on the Eastern Antarctic coast, and 


very probably does not grow there. The other alge are all previously-recorded 
Antarctic forms. 


The algze collected by the “ Discovery ” Expedition from Victoria Land naturally 
come into comparison with the algal flora of Commonwealth Bay. A. and E. 8. Gepp 


THE ALGA OF COMMONWEALTH BAY—LUCAS. 17 


studied the Victoria Land forms, and in their description enumerated eleven fully- 
named species, while Foslie described a calcareous alga. The list includes — 

Geminocarpus geminatus (Hook. and Harv.) Skottsb. 

Desmarestia compressa (Reinsch.) Skottsb. 

Lessonia simulans Gepp. 

Phyllogigas grandifolius (Gepp) Skottsb. 

Tridea cordata (Turn.) J.Ag. 

Phyllophora antarctica Gepp. 

Gracilaria simplex Gepp. 

(1. dumontioides (Harv.) Gepp. 

Plocamium coccineum Lyngb. 

Delesseria quercifolia Bory. 

Spongoclonium orthocladum Gepp. 

Lithothamnion coulmanicum Fosl. 


A Zonaria and a third Gracilaria were not definitely identified. Thus eight 
species are known as common to both Victoria Land and Commonwealth Bay. Six 
species were found in Commonwealth Bay which were not noted in Victoria Land, 
and as many, including the not fully determined forms, were found on the coasts of 
Victoria Land and were not noted in Commonwealth Bay. It seems, on present 
evidence, that the algal flora in both regions is very limited in number of species. 
The majority of species are common to the two; others may really be so, but it seems 
not unlikely that the prevailing currents flowing east have aided in the. conveyance 
of more kinds to the more westerly region. 


DESCRIPTION OF THE PLATES. 


PLATE 1. Puavre 6.—continued. 
Fie. 1. Phyllogigas grandifolius. Stagel.| ig. 2. Frond bearing cystocarps, natu- 
Big. 2. Phyllogigas grandifolius. Young | eye SIRASE - 
plant showing attachment. | ig. 8. Cross-section of frond. 
> my 6 -= 
PLATE 2, PLATE 7. 
( ry > Wan . , Q » . 5 
Phyllogigas grandifolius. Stage 2. Plocamium coccineum. 
PLATE 3. _ Figs. a, b, from Commonwealth Bay. 
| Ve . 
Phyllogigas grandifolius. Forms of the- Figs.’ ¢, d, from Eden, New South 


terminal segment. Wales. 


PusaTe 4. 
Chetomorpha Mawsoni. 


PLATE 8. 
Figs. 1, 2. Schizoneura quercifolia, natu- 
eal : ' ral size. 
Fig. 1. Single filament, natural size. Figs. 3, 4. Prasiola crispa, much magni- 
Figs. 2, 3. Upper and lower cells. fied. 


Puate 6. PLATE 9, 


Tridwa Mawsoni. Hig. 1. Gracilaria simplex, natural size. 


_ Fig. 2. Cross-section of frond of Graci- 
| laria simplex. 

Fig. 8. Cross-section of frond of Jridwa 
Fig. 1. Sterile plant, natural size. Mawson. 


PLATE 6. 
Callymenia a 
avymenia antarctica. 
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ALG# oF CoMMONWEATH Bay 


ALG oF Victoria Lanp 


Bawuta callitricha 


Batuia Hombroniana ... 


BorNETIA antarctica 


CALLYMENIA antarctica .. 


CumtomorPHA MAWSON... 


DESMARESTIA compressa 


GEMINOCARPUS geminatus... 


GRACILARIA simplex 
Trip®A curdata ... 
Trip#a Mawson! ... 


PHYLLOGIGAS grandifolins 


PHYLLOPHORA antarctica ... 


PLOCAMIUM coccineum 


Procamium leptophyllum ... 


PRASIOLA antarctica 


PRASIOLA crispa 
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THE VASCULAR FLORA OF MACQUARIE ISLAND. 


By T. F. Currseman, F.LS., F.Z.8., Curator of the Auckland 
Museum. 


I. INTRODUCTORY NOTES. 


Macquarie Island, named after the then Governor of New South Wales, was 
discovered in 1810 by Captain Hasselborough, of the ship ‘“‘ Perseverance,’ which had 
been dispatched from Sydney for the purpose of searching for islands inhabited by 
fur-seals. Not only were fur-seals (Arctocephalus Forsteri) found to be extremely 
numerous on the newly-discovered land, but great numbers of the sea-elephant 
(Macrorhinus leoninus) and sea-leopard (Stenorhynchus leptonyx) were also observed. 
This led to the rapid development of seal-hunting, and within a few years many vessels 
visited the island, landing parties of men to obtain the skins, and returning at frequent 
intervals to remove the spoil. It is said that one vessel alone, during the first year of 
its operations, took away more than 35,000 skins of the fur-seal. Unrestricted slaughter 
of that nature soon brought about its inevitable consequence, and in a very few years 


the species was nearly exterminated. It is now a rare occurrence to see a fur-seal on 
Macquarie Island. 


But although the trade in fur-seals soon came to an end, the island was regularly 
visited for many successive years for the purpose of procuring sea-elephant oil and 
penguin oil, and as this trade was mainly in the hands of shipping firms at Invercargill 
or Port Chalmers, communication of ‘a kind existed between New Zealand and the 
island. This led to the visit of Dr. Scott in 1880, and that of Mr. A. Hamilton in 1894. 
To these two gentlemen we are indebted for the first information of any value respecting 
the flora and fauna of Macquarie Island, and much credit is due to them for excellent 
work, performed under circumstances of great difficulty. 


But it had long been obvious that a complete exploration of the island could 
not be achieved through the isolated visits of a few individuals, necessarily imperfectly 
equipped, and unable to make any lengthened stay. All naturalists, therefore, received 
with satisfaction the news that Sir Douglas Mawson, the leader of the Australasian 
Antarctic Expedition, had determined to establish a subsidiary base on Macquarie 
Island, leaving there a party of explorers for the whole period of the voyage. The result 
- of this policy has been to obtain a vast amount of information respecting the island. 
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It has been regularly surveyed and mapped; its physiography and geology have been 
carefully investigated; and large collections have been made in all branches of biological 
science. Among the latter are the botanical specimens gathered by Mr. Harold 
Hamilton, upon which this memoir, dealing with the vascular plants of the island, is 


mainly based. 


If. PHYSIOGRAPHY, GEOLOGY, METEOROLOGY. 


The physical features, geology, and climate of Macquarie Island so largely affect 
its vegetation that a brief account is requisite for the proper understanding of the strictly 
botanical portion of this memoir. In what follows I have very largely drawn upon 
information contained in Sir Douglas Mawson’s “‘ The Home of the Blizzard,” and other 


publications relating to the Expedition. 


Macquarie Island is rather more than 600 miles to the south-west of New Zealand, 
and is approximately 920 miles south-east of Tasmania. It is quite 970 miles from the 
nearest point of the Antarctic Continent. It is situated in 54° 30’S. lat. and 158° 57’ E. 
long., and consists of one long and narrow island with its axis lying north by east by 
south by west. Its greatest length is a little less than 21 miles, while its extreme breadth 
is under 4 miles. About 8 miles to the north are two isolated rocks known as the Judge 
and Clerk. They are about 80 feet in height, and are devoid of vegetation, but in the 
breeding season are covered with immense. numbers of sea-birds. About 20 miles to 
the south of the main island, and in the same line as it, are two islets to which the names 
of Bishop and Clerk have been applied. The former, which is much the larger, is covered 
with a growth of tussock; the other is mostly bare rock. The whole group thus stretches 
over a distance of nearly 50 miles. As reefs and comparatively shallow water extend for 
some distance north and south of the main island, while immensely deep water is soon 
reached to the east and west, it is evident that the present islands are simply the summits 


of a continuous submarine ridge. 


The main island is little more than a range of mountains, everywhere descending 
rapidly towards the sea, thus forming bold headlands or almost precipitous cliffs. 
Once beyond the coastal hills, which have an average height of from 500 to 700 feet, 
the centre of the island is seen to be occupied by a more or less undulating plateau, 
with occasional peaks rising to an altitude of 900 to 1,424 feet, the latter, or Mount 
Hamilton, being the highest point on the island. All the chief summits and the more 
exposed ridges are bare, barren and wind-swept, and present a most desolate appearance. 
In the hollows between the peaks, or among the minor undulations, are numerous lakes 
or tarns, some of considerable size. Most are comparatively shallow, and all are 
evidently of glacial origin. The coastal hills are deeply scored by ravines, down which 
small streams rush towards the sea, often forming waterfalls along their course. 
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There is no harbour, or even moderately sheltered bay, although several anchorages 
can be used on the eastern, or lee side of the island, from which, in ordinary weather, 
landing can be effected without much trouble. On the western shore an almost con- 
tinuous swell constantly breaks, and even in the finest weather landing is a difficult 
if not a dangerous matter. It can hardly be said that there is any flat land near the 
coast, save on the north-west side, where a broad belt of raised beach exists, forming 
a peaty and swampy stretch, on which are numerous small lakelets. Elsewhere the 
beach is composed of huge waterworn boulders, or loose gravel or shingle, amongst 
which the streams coming down from the hills often lose themselves. 


Within a comparatively short distance from the shore, both on the eastern and 
western sides of the island, the shore plunges abruptly into deep water, a sounding of 
over 2,000 fathoms having been obtained from the “ Aurora” at a distance of only 
8 miles. In fact, the soundings taken during the various cruises of the expedition show 
that on all sides, and for considerable distances, the ocean has a depth varying from 
2,000 to 2,500 fathoms. It is not until within 200 miles of the Antarctic Continent 
that much shallower water is met with. These soundings have definitely proved that 
Macquarie Island has no connection with the shallow plateau that joins New Zealand 
with the Auckland and Campbell Islands, over which the average depth does not exceed 
400 fathoms. The significance of this fact will appear when we come to discuss the origin 
and history of the Macquarie Island florula. 


As it is hoped that a report on the geology of Macquarie Island will shortly appear, 
it is not necessary, for the purposes of this memoir, to do more than direct attention 
_to two salient facts. First, that the geological structure of the island is purely volcanic, 
and that no rocks were collected by the expedition except those of volcanic origin. 
Secondly, that within comparatively recent times, the whole island has been over-ridden 
by an ice-sheet travelling from west to east. Previous writers, influenced by the 
descriptions of the physical features of the island given by Dr. Scott and Mr. A. Hamilton, 
had surmised that it had been heavily glaciated within a recent period, and possibly 
covered by a continuous ice-sheet. It is therefore satisfactory to find that the observa- 
tions made and data obtained by the Mawson Expedition have proved the correctness 
of this view. How far it affects the history of the vegetation will appear later on. 


The climate of Macquarie Island largely governs the character of its vegetation, 
and must be taken into account in any inquiry that may be made into its history and 
origin. I must therefore express my thanks to Mr. H. N. Hunt, Commonwealth 
Meteorologist, for supplying me with various weather statistics taken on the island 
for the years 1912 to 1915. Part of these are from the register kept by Mr. Ainsworth, of 
the Mawson Expedition, the remainder are from records obtained by two Commonwealth 
observers, who resided on the island during the years 1914 and 1915. From these I 


have extracted the following table, showing the temperature, velocity of the wind, and 
the rainfall. 
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MaAcquaRig Isuanp, lat. 54° 30’ S., long. 158° 57’ E. 


The temperature records are for 1912; the wind and rainfall for 1915. 


Mean Mean polcann infall in 
Month. feet maximum minimum daily yee ea 
* | temperature. | temperature. mand Hneniiees (1915). 
January ... av 44-9 48-3 41-9 454 5-15 
February ... eg 43-1 45-3 41-2 381 3°22 
March ... a 41-8 44-0 39-7 540 4-53 
April a ~ 40-9 43-4 38°3 478 4-44 
May rH Hc 40-0 42-4 37-2 446 3°95 
June we = 38-0 40-6 35:1 410 3°44. 
July an a 37-7 40-3 34-7 588 3°93 
August... et 38-1 41-1 35-0 350 3:73. 
September i 38-6 41-5 35:7 382 3-29 
October ... wa 39-6 H 49-5 36-1 464 3:24 
November hs 41-6 44-8 38-7 309 3°36 
December... eS, 43-9 47-3 40-8 414 3:58 
Year... oe 40:7 43-5 37-9 435 45-86 


Maximum temperature for the year 51-8°; minimum, 26°. 


For comparison with the above, I now give weather statistics from two stations 
in nearly the same latitude as Macquarie Island. One, Orange Harbour, is situated in 
the extreme south of South America; the other, South Georgia, lies about 1,000’ miles 
to the east. These I have taken from Dr. Skottsberg’s interesting memoir ‘‘ On the 
Zonal Distribution of South Atlantic and Antarctic Vegetation” (Geographical Journal. 


vol. 24, pp. 655 to 663). 


ORANGE Bay, Tierra del Fuego. Lat. 55° 31’ 8., long. 68° 5’ W. 1882-1883. 


Mean Mean Mean Belo aay Hee Rainfall in 

Month: temperature. reTaaeratare | Peni carataie ie second. inches. 
January ... Re: 46-00 51-35 38-82 30-1 6-4 
February ... ont 48-05 60-33 39-79 25-5 3-4 
March ... me 42-62 51-26 36-91 21-6 6:0 
April oy ae. 40-89 46:87 35:17 19:3 v0) 
May ase we = 89-91 44-98 34:88 19-5 4-5 
June Ate “fs 36-19 40-30 31:37 18-2 4:8 
July re weal 37°76 42-78 35:54 19:8 1:5 
August... w{ 37-45 43-70 32-09 19-3 5-4. 
September Kil | eA Ne Sie edie I tet I date 
October... begs 42-40 51-42 34-66 18-0 3:2 
November ae 44-29 53-20 36-59 24-5 5-0 
December... * 46-22 55-45 38°32 27-7 5:9 
Year (11 months) 41-98 . 49-24 35°83 21-9 53-1 


Norr.—The velocity of wind given, 21-9 feet per second, would correspond to 
357 miles per day. 
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Royat Bay, South Georgia. Lat. 54°31’ 8., long. 36° W. 1882-18838. 


Mean Mean i f 2 : 
Month. t Mean maximum minimum Rear pete as 
aU tht ST temperature. | temperature. per second. Brak 
January ... 40-28 44-96 35:96 20-7 3:2 
February ... 41-72 46-58 36°32 23-0 34° 
March 38°30 42-98 34-34 . 22-0 5:8 
April 32:90 37-40 29-12 22:6 3:2 
May 31-64 35:96 26-78 21-0 0-6 
June 26:78 31-10 22:64 18:7. 2:1 
July 27-86 32:18 22-64 23:3 1-4. 
August 34-16 39°38 28-76 27-6 3°9 
September 30-38 35:60 25-34 25:3 5-0 
October 34°34 39-20 29-66 21-6 4-6 
November 37-22 41-90 32°54 17-1 2:8 
December... 38:66 43-70 34°34 23:6 2-9 ° 
Year 34-52 39°25 29-87 22-2 38-9 


Notr.—The velocity of wind given, 22-2. feet per second, would correspond to 
364 miles per day. 


The seasonal figures derived from the three tables are as under :-— 


Mean Mean Mean Rainfall Rainfall. Rainfall 
temperature. temperature. |temperature. M et Orange aa ‘ ; 

Season: Macquarie |Orange Har-|, South aequarle | FHarbour, South 
Island. bour, Fuegia.| Georgia. Island. Fuegia. Georgia. 
Spring 39-9 42-19 33°98 9-89 12-5 | 12-40 
Summer ... 43-9 46-75 | 40-22 11-95 15-7} 9-50 
Autumn ... 40-9 41-13 | 34-28 12:92 17-5 9-60 
Winter 38-6 37-13 29-60 11-10 11:7 7-40 
Year 40-7 41-80 34:52 45-86 57-4 38-90 

| 


The outstanding peculiarity in the climate of Macquarie Island is its extra- 
ordinarily small diurnal and annual range of temperature. In‘ this, however, it agrees 
with all the subantarctic islands situated in similar latitudes. According to the returns 
placed in my hands by Mr. Hunt, the extreme range of temperature during 1912 was 
only 25:8 F., while the mean range during the same year was only 5:6 F. More 
amazing still is the fact that the mean difference between the three summer months 
and the three winter was only 4:3 I. Figures like these compel agreement with 
Professor Rudmose Brown’s dictum (Problems of Antarctic Plant Life, p. 5), where he 
says, “ One could, with much truth, say that the antarctic summer is but an astro- 
nomical conception; those who have experienced it know how little reality it has.” 
Another noteworthy feature is the excessive amount of wind, the mean daily velocity 
for 1912 being 435 miles, equivalent to 18 miles per hour. It is unexpected, 
however, to find that the force of the wind is greater at Macquarie Island than at 
South Georgia, where the mean daily velocity is 364 miles. It cannot be doubted 


that the low summer temperature, the large amount of cloud and fog, and the constant 
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high winds must co-operate in producing most unfavourable conditions for plant-life, 


and will go far towards explaining the poverty of the flora in Macquarie Island and 
the other islands of the subantarctic zone. 


Ill. HISTORY OF BOTANICAL EXPLORATION. 


Although Macquarie Island was discovered as early as 1810, it was not until 
1830 that any knowledge was obtained of its vegetation. In that year, or thereabouts, 
Mr. C. Fraser, then Superintendent of the Sydney Botanical Gardens, sent to Sir W. J. 
Hooker, at Kew, a small collection of eight species of plants. It is not known how 
Mr. Fraser obtained the specimens; but it must have been through the agency of one 
of the sailing vessels which at that time were regularly trading between Macquarie 
Island and Sydney. The following is a list of the species, all of which are briefly 
mentioned in the first volume of Sir J. D. Hooker’s Flora Antarctica :— 


Acena adscendens Vahl. 
Acana Sanguisorbe Vahl. 
Azorella Selago Hook. f. 
Pleurophyllum Hookert Buch. 
Cotula plumosa Hook. f. 
Luzula crimita Hook. f. 

Poa foliosa Hook. f. 
Aspidium vestitum Swartz. 


It is worth mention that although the list is a small one, it nevertheless includes the 
whole of the conspicuous species of the florula, with the exception of Sélbocarpa polaris. 
It is difficult to imagine how such a striking plant was omitted from the collection, for 
it must have been noticed. 


For half a century no further information was obtained, but near the close of 
1880 Dr. J. H. Scott, of the Otago University, made a short visit for the special purpose 
of investigating the flora and fauna. On his return, he published the results of his 
observations in a paper printed in the Transactions of the New Zealand Institute 
(vol. XV, p. 484). This is the first published account of the physical features of the 
island and its natural productions, and thus possesses considerable importance. Many 
of his remarks on the character of the vegetation and its physiognomy are of value for 
the purposes of this memoir, and I propose to reproduce portions of some of them, 
preserving as far as possible his own words :— 


“The general appearance of a Macquarie Island landscape is barren in the 
extreme. There is not a tree or shrub, and what vegetation there is has a great 
deal of sameness, long stretches of yellowish tussock, with occasional patches of 
the bright green Stilbocarpa polaris, or of the peculiar sage green Pleurophyllum. 
These, with the rich brown mosses near the hill-tops, are all that strike the eye on 
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looking at the island from the sea. . . . The interior of the island shows the 
rocky tops of the hills blown perfectly bare by the winds, and fissured by the 
frosts, and in the hollows of the uplands liea number of littlelakes. . . . Azorella 
Selago grows on the hillsides, forming globular masses often 4 feet across. These 
are green on the surface, where the living part of the plant lies as a crust to the 
great mass of débris which forms the interior, through which the roots descend. 
The whole constitutes a solid mass upon which one can stand. The surface crust 
is particularly dense, and the young shoots so closely packed together, and so 
uniform in height, that lichens and other small plants sometimes grow upon it. 

Pleurophyllum occurs in large patches all over the island, and is the 
handsomest -plant thereon, its long sage-green leaves and purple flowers making 
it particularly noticeable. . . . Stilbocarpa polaris is the Macquarie Island 
cabbage of the sealers, and is found all over the island growing in large patches. 
In sheltered corners on the lower ground it is a handsome plant, and its bright 
green leaves are always. conspicuous.” 


A list of the plants collected, determined by Mr. A. C. Purdie, is given by Dr. 
Scott. Owing to his visit being early in the season, several of the species were not 
yet in flower, and identification was consequently difficult. A few regrettable mistakes 
were made, most of which were corrected by Mr. T. Kirk in a short notice printed in 
vol. 3 of the Report of the Australasian Association (p. 226). In the light of the 
subsequent collections made by Mr. A. Hamilton in 1894, and by the Mawson expedi- 
tion in 1912-1913, I have been able to compile the following amended list of the 
vascular plants actually gathered by Dr. Scott, the total number being eighteen. 


Ranunculus biternatus Smith. 
Stellaria decipiens Hook. f. 
Colobanthus muscoides Hook. f. 
Acana adscendens Vahl. 

Acena Sanguisorba Vahl. 

Tillea moschata D.C. 

Azorella Selago Hook. f. 
Stilbocarpa polaris A. Gray. 
Coprosma repens Hook. f. 

Cotula plumosa Hook. f. 
Pleurophyllum Hooker Buch. 
Luzula campestris D.C. var. crinita. 
Poa foliosa Hook. f. 

Poa annua Linn. 

Festuca contracta T. Kirk = F. erecta D’ Urv. 
Lomaria penna-marina Trev. 
Aspidium vestitum Swartz. 
Polypodium australe Mett. 
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Dr. Scott’s list, as printed in his paper, contains the names of 19 species. ‘The 
number should have been 20, for an undoubted scrap of Stellaria decipiens was picked out 
of the collection by Mr. Kirk. On the other hand, the total must be reduced by the 
elimination of Azorella lycopodioides, of which Mr. Kirk writes : “ I did not see anything 
resembling this plant in the collection. Possibly a form of Colobanthus muscoides with 
larger leaves than usual was mistaken for it.’ Two species of Luzula are given in the 
list; but it appears to me that both are referable to L. campestris var. crinita. With — 
these alterations, the number of plants enumerated by Dr. Scott agrees with my list. 
The divergences in the nomenclature of the two lists will be best understood on 
reference to the synonyms given in my enumeration of the total florula of the island, 


which see. 


Fourteen years after Dr. Scott’s expedition, or in 1894, Mr. A. Hamilton, then 
Registrar of the Otago University, and a few years later Director of the Dominion 
Museum, Wellington, paid a visit to Macquarie Island, for the purpose, as he states, 
‘of studying the plants and natural history of that remote speck in the southern 
ocean.’ He was accompanied by Mr. Jennings, the taxidermist to the Otago Museum, 
whose object was to obtain skins and skeletons of the sea-elephant (Jacrorlinus 
leoninus), and of the various species of penguins. A stay of thirteen days was all that 
could be arranged for, but nevertheless collections of considerable importance were 
put together, both zoological and botanical. Unfortunately, a serious gale arose on 
the day of departure, and the weather became so bad that the vessel had to run for 
New Zealand without taking on board more than a very small part of the collections. 
A portion came up by the next trip of the vessel, but many valuable specimens were 
ruined by neglect, and others never reached New Zealand. Fortunately, the greater 
part of the botanical collections was saved. 

An interesting account of his visit was prepared by Mr. Hamilton, and published 
in the Transactions of the New Zealand Institute (vol. 27, pp. 559-579). I quote the 
following remarks, in a slightly abbreviated form, because they afford a vivid picture 
of the vegetation. 

“The hut in which we lived at Lusitania (one of the sealing stations) stood 
on the crown of the shingle beach. Immediately behind it was a small creek 
coming down from the hills at the back, over a sloping terrace covered with a huge 
tussock grass. This grass (Poa joliosa) forms a huge stool, around which 1s usually 
a muddy pool, more or less deep, into which you plunge with unerring certainty 
when trying to cross the belt of tussock swamp. The only way to avoid this 
unpleasantness is to jump from the top of one tussock to another. Once beyond the 
belt of swamp, you ascend the steep slope of the hills,and here you struggle and wrestle 
with the huge leaves of the Macquarie Island Cabbage (Stilbocarpa polaris), a plant 
resembling very fine rhubarb. The tussocks and the Stilbocarpa become smaller 
as you ascend, and at about 300 feet you gain a plateau so swept by the antarctic 
gales that vegetation is reduced to compact closely-growing mosses and small 
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Uncinias, and the conspicuous cushions of Azorella Selago. In the hollows of the 
hills are countless little tarns or lakes, some of considerable extent. Round the 
tops of the hills the wind has cut out wonderful terraces from a few inches to a foot 
or two in height, with completely bare rock much disintegrated by the weather 
on the top. In some of the more sheltered places or gullies stunted plants 
of Stilbocarpa and Pleurophyllum cover the ground. The Pleurophyllum was, 
unfortunately, long past flower, and so I did not get any specimens showing the 
beautiful aster-like flower, with its purple ray-florets and yellow centre. The 
majority of the plants on the island are littoral, and are to be found on the swampy 
ground near the beach. From the ship it appeared as if there were some good- 
sized bushes or shrubs growing on the lower levels; but on landing these were 
found to be huge detached rocks overgrown with mosses and large tussocks of 
Poa foliosa. On the whole island there is not a shrub or plant large enough to 
make a pen-holder. Indeed, the only plant of a ligneous genus is the small creeping 
Coprosma repens. The large Poa tussocks are the great feature of the low levels; 
while on the hill-tops Azorella is most prominent, with its bright green closely 
growing convex masses of stems and leaves. These masses are so solid and elastic 
as to bear the weight of a man without material injury. On these cushions grow 
two small but interesting plants—Coprosma repens, with its dimorphous flowers 
and scarlet berries, and a very minute variety of a fern (Polypodium australe), the 
frond of which is about half-an-inch high. This truly alpine plant I have collected 
on the top of the Kaweka Mountain, in Hawke’s Bay. ‘Two other ferns are found 
on the island, one Lomaria alpina, the other Aspidium aculeatum var. vestitum.” 


The collection of plants made was examined by the late Mr. T. Kirk, whose 
report formed the basis of the list given in Mr. Hamilton’s paper. This I reproduce 
below, premising that I have made a few alterations in the names of some of the 
species in order to comply with modern views of botanical nomenclature :— 


Ranunculus biternatus Smith. 
Cardamine corymbosa-Hook. f. 
Stellaria decipiens Hook. f. 

Stellaria media Cyr. (naturaliz2d). 
Cerastium triviale Link (naturalized). 
Colobanthus Billardiert Fenzl. 
Colobanthus muscovdes Hook. f. 
Montia fontana Linn. 

Acena adscendens Vahl. 

Acana Sanguisorbe Vahl. 

Tillea moschata D.C. 

Callitriche antarctica Eng). 
Epilobium linnwoides Hook. f. 
Epilobium nummularij olium var. nerterioides A. Cunn. 
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Azorella Selago Hook. f. 

Stilbocarpa polaris A. Gray. 

Coprosma repens Hook. f. 

Cotula plumosa Hook. f. 

Pleurophyllum Hookeri Buch. 

Luzula campestris D.C. var. crinita Hook, f. 
Uncinia riparia R.Br. var. Hookert Kuk. 
Agrostis magellanica Lam. 

Deschampsia Chapmani Petrie. 
Deschampsia penicillata T. Kirk. 

Poa foliosa Hook. f. 

Poa Hamiltoni T. Kark. 

Poa annua Linn. (naturalized). 

Festuca contracta T. Kirk = F. erecta D’ Urv. 
Lomaria penna-marina Trey. 

Aspidium vestitum Swartz. 

Polypodium australe Mett. 

Lycopodium varium R.Br. 


The total number of species collected is thus thirty-two, of which three are naturalised. 
This shows an increase of no less than fourteen on Dr. Scott’s list, proving that Mr. 
Hamilton evidently made full use of the limited time that he was able to spend on the 
island. The most important result derived from his visit, however, was the totally 
unexpected discovery of three new species of grasses—Deschampsia penceillata 
T. Kirk, Poa Hamiltoni T. Kirk, and Festuca contracta T. Kirk. Up to that time, no 
one had even suspected that Macquarie Island had an endemic flora of its own, and 
the establishment of that fact not only marked an important advance, but also com- 
pelled a re-arrangement of all previous views on the history and development of the 
vegetation of the Island. 


After-Mr. A. Hamilton’s visit, no information of any consequence bearing on the 
vegetation of the island was obtained for many years. In November, 1901, Captain 
Scott, in the ‘‘ Discovery,” landed on the eastern side to collect specimens, but his stay 
was limited to a few hours. In 1909, Captain J. K. Davis, then associated with the 
Shackelton expedition, and in command of the auxiliary vessel “ Nimrod,” made a 
similar brief visit. 

F On 12th December, 1911, the Australasian Antarctic Expedition’ s vessel 

“ Aurora” arrived off the north end of the island. In the introductory notes to this 
memoir, I have mentioned the reasons that actuated Sir Douglas Mawson in deciding to 
establish a subsidiary base on Macquarie Island, and in leaving a party thereon. It 
is now necessary to say a few words respecting the constitution of the party, and the 
botanical work that it has performed. The explorers were five in number. G. F. 
* Ainsworth was selected as leader, and acted as meteorologist ; H. Hamilton was 
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biologist; L. R. Blake was surveyor and geologist; while C. A. Sandell and A. F. Sawyer 
were wireless operators and general assistants. But much mutual help was rendered 
by all the members of the party. For the.character of the work, and the manner in 
which it was performed, reference should be made to chapters 25 to 27 of Sir Douglas 
Mawson’s “ Heart of the Blizzard” (vol. 2, pp. 167 to 254). These chapters, which 
have the respective headings of “‘ Life on Macquarie Island,’ “ A Land of Storm and 
Mist,” and “ Through another Year,’ were written by Mr. Ainsworth, and contain many 
observations of value respecting the flora and fauna, as well as the physical configuration 
and structure of the island. The party resided for nearly two years on the island, and 
visited every portion of it, taking its final departure on 28th November, 1913. 


Mr. Harold Hamilton, who formed the biological collections secured by the party, 
was the son of the late Mr. A. Hamilton, who did such excellent work in Macquarie 
Island in 1894. He was a graduate of the Otago University, and prior to his engage- 
ment with the Mawson Expedition was employed for a short time on the staff of the 
New Zealand Geological Survey. At a later date he occupied the post of Entomological 
collector to the Dominion Museum, Wellington. After his return from Macquarie 
Island, he was appointed zoologist to the Dominion Museum. Shortly after came the 
outbreak of the present war. Like many others, he felt it his duty to volunteer for 
active service. He obtained a commission in: the Motor Boat Reserve, and left New 
Zealand with the rank of Lieutenant. Unfortunately, I am not able to state his exact 
position at the present time. Personally, I much regret his absence, for he had engaged 
to supply me with much information that he had obtained respecting the ecology of 
the vegetation, and the distribution of the speciés upon the island, together with other 
particulars gathered during his stay. These, I hope, he will make public at a later date. 


Mr. H. Hamilton’s collection of the vascular plants of the island, which, as I 
have previously stated, forms the basis of this memoir, has been placed in my hands 
for examination and report. It is excellently preserved, and contains a fair number 
of specimens of most of the species, including all those collected by Dr. Scott and 
Mr. A. Hamilton, with two exceptions only—Unecinia riparia R.Br. var. Hookeri, and 
Deschampsia penicillata 'T. Kirk. In addition, it contains four species not previously 
recorded from the island, as under :— 

Juncus scheuchzerioides Gaud. 
Scirpus aucklandicus Boeck. 

Carex trifida Cav. 

Triodia macquariensis Cheesem., n.sp. 


The last mentioned is a most interesting addition to the florula, increasing the number 
of endemic species to three. 


The following detailed enumeration of the species will show how much additional 
matter has been derived from the study of Mr. Hamilton’s specimens. It is, perhaps, 
as well to mention that he also collected various cryptogams, which I understand will 

be worked up in the other memoirs of this volume. 
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IV. ENUMERATION OF THE SPECIES. 
RANUNCULACEAE. 


RANUNCULUS BITERNATUS Smith. 


Ranunculus biternatus Smith in Rees’s Cyclop. XXIX (1802) n. 48; Schenk in Pflanzen- 
geographie der Subantarktischen Insel (1905), p. 26 t. 12, c.d.; Wildeman Res. Voy. 
“ Belgica” (1905), p. 89; Cheesem. Subantarctic Islands of N.Z. I (1909), -p. 398. 
R. crassipes Hook. f. Fl. Antarct. IT (1847), p. 224 t. 81, also Phil. Trans. Roy. Soc. 
vol. 168 (1879), p. 17; T. Kirk Students’ FI. (1899), p. 17; Cheesem. Man. N.Z. 


Fl. (1906), p. 26. 
Macquarie Island :—Not uncommon in the lower parts of the island, in swampy 
places and in the shelter of the tussocks of Poa foliosa. Scott (1880); A. Hamilton (1894); 
H. Hamilton (1912-1913). 


First collected by Dr. Scott. He referred his specimens, which were little more 
than scraps, to R. acaulis Banks and Sol. A. Hamilton remarks that it is very variable 
in size. This is borne out by Mr. H. Hamilton’s specimens, some of which have 
petioles 20 cm. long, with the lamina of the leaf 4 cm. diameter ,while the fruit is borne 
on peduncles 4 to 5 cm. long. On the other hand, depauperated states growing on 
wet gravel among tufts of Colobanthus muscoides, have leaves barely 5 mm. diameter, 
on petioles about the same length, while the fruit is almost sessile. A. Hamilton states 
that in exposed situations the carpels become scarlet when fully ripe, and are very 


conspicuous. 

Ranunculus biternatus, taken in a wide sense, has an extensive geographical 
range. It has been found in Fuegia, Falkland Islands, South Georgia, Kerguelen, 
Marion and Crozet Islands, and New Amsterdam. The Kerguelen and Macquarie Island 
plant was separated by Hooker from that found in Fuegia and Falkland Islands (the 
original R. biternatus) on account of its greater size, more succulent habit, and less 
divided leaves with broader segments. But these are variable characters of com- 
paratively small importance, and on reviewing the matter at a later date in the Philo- 
sophical Transactions (vol. 168, p. 17), Hooker definitely stated that he could “ hardly 
doubt its being a derivative form of the Fuegian R. biternatus, with which it agrees in 
habit and in its thick-walled beaked carpels, but differs chiefly in its robustness and 
simple leaves.’ The more recent discovery of true R. biternatus in South Georgia and 
Marion Island is an additional argument in favour of the unity of the two plants. Both 
Dr. Schenk, in his “ Plant Geography of the Subantarctic Islands,” and Wildeman, 
in the “Results of the Voyage of the Belgica,’ have adopted this view. Dr. 
Skottsberg, however, in his memoir on the relations between the floras of sub- 
antarctic America and New Zealand (Plant World, May, 1915), is inclined to maintain 
the distinctness of the two plants on the ground that there are differences in the flower 


and fruit. I have not sufficient material of the South American plant to investigate 


- this point. 
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CRUCIFERA. 


CARDAMINE CoRYMBOSA Hook. f. 
Cardamine corymbosa Hook. f. FI: Antarct. I (1844), p. 6, also Ic. Plant. t. 686 (1844); 
Schulz in Engl. Jahr. XXXII (1903), p. 561. OC. hirsuta Linn. Sp. Plant. 655 var. 


corymbosa Hook. f. Handb. N.Z. Fl. (1864), p. 12; Cheesem. Subantarctic Islands 
of N.Z. II (1909), p. 398. 


Macquarie Island :—Creek beds and wet ground near the sea. A. Hamilton (1894); 
H. Hamilton (1912-1913), 


In the “ Subantarctic Islands of New Zealand” (p. 399), I followed Hooker and 
others in retaining this as a variety of O. hirsuta. At the same time I expressed the 
opinion that many of the southern forms then included with CO. hirsuta would ultimately 
be separated from that plant. Having now had an opportunity of studying an excellent 
series of C. corymbosa gathered by H. Hamilton, and of comparing the specimens with 
others collected in the Auckland and Campbell Islands by Tennant and Laing, I am 
now satisfied that C. corymbosa must be regarded as distinct. Whether it should also 
include some mountain forms from New Zealand proper, as has been done by Schulz, 
is a matter that I cannot go into in the present memoir. 


H. Hamilton’s specimens agree fairly with Hooker’s description and the plate 
given in the Icones Plantarum in having a short perennial rootstock from the top of 
which spread a few filiform branchlets. But Hooker figures the leaves as being mostly 
2-jugate with a terminal leaflet not remarkably larger than the lateral; whereas in the 
Macquarie Island plant there are first of all numerous simple long-petioled rounded 
leaves, and then others which are seldom more than 1-jugate (trifoliolate), and in which 
the terminal leaflet is many times larger than the lateral. The description of the leaves 
given by Schulz in Engler’s Jahrbuch suits the Macquarie Island plant much better 
than Hooker's. The inflorescence is very curious. Usually the flowers are solitary in 
the axils of the leaves on a long slender peduncle. Sometimes two or more of these 
peduncles may spring from a single axil, thus forming a kind of false umbel. More 


rarely there is a few-flowered raceme at the top of the stem, the inflorescence then being 
much more normal. 


H. Hamilton’s specimens were carefully but unsuccessfully searched for the 
remarkable cleistogamic flowers discovered by Schulz in the examination of some of 
Hooker’s specimens collected more than seventy years ago, and which I also observed 
in one of Tennant’s collected at Port Ross. J have mentioned in the “ Subantarctic 
Islands” that Schulz’s statement to the effect that the ordinary flowers are apetalous 
is not correct, and my examination of Hamilton’s Macquarie Island plant enables me 
to say that the flowers when they first expand are always furnished with petals, 
although these sometimes drop off very shortly after fertilisation. 


In addition to the New Zealand Subantarctic Islands, Dr. Schulz has recorded 
C. corymbosa from Orange Harbour, Fuegia. 
38864—C 
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CARDAMINE GLACIALIS D.C. 


var. SUBCARNOSA O. R. Schulz. 
Cardamine glacialis D.C. Syst. II (1821) p. 265, var. subcarnosa O. R. Schulz in Engl. 
Jahr. XXXII (1903), p. 542; Cheesem. Subantarct. Islands of N.Z. II (1909), p. 398. 
C. hirsuta Linn. Sp. Plant. p. 655 var. subcarnosa Hook. f. Fl. Antarct. I (1844), 
p. 5; T. Kirk Students’ Fl. (1899), p. 27; Cheesem. Man. N.Z. Fl. (1906), p. 33. 


Macquarie Island :—A. Hamilton (1894)? 


In the Students’ Flora Mr. T. Kirk included this species in the Macquarie Island 
florula, presumably on the authority of A. Hamilton’s collections, which he is known 
to have examined. But Hamilton referred his plant to C. corymbosa, and the statement 
he makes to the effect that ‘‘ it formed a green margin to the vegetation on the top of 
the beach wherever a creek or swamp ran out to the sea” agrees perfectly with the 
habitat given by Hooker for C. corymbosa in Campbell Island—* turfy ground near the 
sea, common.’ It is also noteworthy that H. Hamilton’s later collection includes 
specimens of C. corymbosa from several localities, but none of C. glacvalis. On the 
other hand, Kirk was perfectly well acquainted with both plants, and gathered them 
during his visit to the Auckland and Campbell Islands in 1890. In any case, 
C. glacialis is a likely plant to occur in Macquarie Island; and it is just possible that 
specimens of both plants were included in A. Hamilton’s collection unknown to him. 
I therefore retain the plant on the list until further inquiry can be made. 


In addition to the New Zealand Subantarctic Islands, var. subcarnosa is found 
in Southern Chili, Fuegia, and Falkland Islands. The typical plant has a wide 
distribution in Chili and Patagonia. 


CARYOPHYLLACEAE. 


STELLARIA DECIPIENS Hook. f. 
Stellaria decipiens Hook. f. Fl. Antarct. I (1844), p. 7, and Ic. Plant. t. 680, also 


Handbk. N.Z. Fl. (1864), p. 23; T. Kirk Students’ FI. (1899), p. 57; Cheesem. 
Man. N.Z. Fl. (1906), p. 63, and Subantarctic Islands of N.Z. II (1909), p. 401. 


Macquarie Island :—Scott (1880); A. Hamilton (1894); H. Hamilton (1912- 


1913). 

Dr. Scott was the first to collect this plant, although it is not recorded in the 
list given in his paper, published in Trans. N.Z. Inst., vol. 15. But in Kirk’s Notes 
on the Botany of the Antarctic Islands (Rept. Austral. Assoc., vol. 3 (1891), p. 226), 
an amended list of Scott’s plants is given, which contains the name of “ Stellarva 
elatinoides,’ together with the remark “a small scrap, but unmistakeable, omitted by 
Dr. Scott.’ In a further note contributed by Kirk to A. Hamilton’s list of 1894 it is 
. explained that through a slip of the pen “ elatinoides”” was written in mistake for 


“* decipiens,” 
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H. Hamilton’s specimens, which are all I have seen from Macquarie Island, are 
rather smaller than those which I possess from the Auckland and Campbell Islands. 
Hooker remarks in the “ Flora Antarctica” that “‘ the peduncles generally bear two 


pedicels,’ but I find that in all the specimens I have seen from the Southern Islands 
the majority of the peduncles are 1-flowered. 


S. decipiens is confined to the Subantarctic Islands of New Zealand. It is 
closely allied to S. media, but is smaller, with smaller leaves and a less developed 


inflorescence; and it does not possess the pubescent line along the branches so evident 
in that plant. 


STELLARIA MEDIA Cyr. 


Stellaria media Cyr. Char. Comm. (1784), p. 36; Hook. f. Fl. Antarct. I (1844), p. 8, also 


II (1847), p. 250; T. Kirk Students’ Fl. (1899), p. 57; Cheesem. Subantarctic 
Islands of N.Z. (1909), p. 445. 


Macquarie Island :—Abundantly naturalized. A. Hamilton (1894); H. Hamilton, 
(1912-1913). 


A. Hamilton remarks that this is one of the plants that have succeeded in 
naturalizing themselves near the factories, having probably been introduced in the 
straw packing of the machinery. H. Hamilton has also informed me that he found it 
plentiful near the residences of the sealers. 


Stellaria media was originally confined to the north temperate zone, extending 
northwards to the arctic circle, but during the last hundred years it has followed the 
footsteps of man all over the world, especially in cool damp climates. Although thin 
and delicate in habit and appearance, it is really one of the hardiest plants known; 
and as it produces seed from the beginning of spring to the close of autumn, its 
regeneration each year is assured. It is now spread all through the subantarctic 
regions, from Fuegia and the Falkland Islands to Kerguelen Island, South Georgia, 
Marion Island, St. Paul and Amsterdam Islands. In the islands to the south of New 
Zealand it is now found on every island of the group. 


CERASTIUM TRIVIALE Link. 


Cerastium triviale Link Enum. Hort. Berol. I (1821), p. 483; T. Kirk Students’ FI. 
(1899), p. 56; Cheesem. Man. N.Z. Fl. (1906), p. 1067. 


Macquarie Island :—A. Hamilton (1894); H. Hamilton (1912-1913). 


This species, like Stellaria media, has of late years spread from its original home 
in the north temperate zone to most parts of the world. It was first recorded from 
Macquarie Island by A. Hamilton, his specimens being identified by Kirk, who reported 
that they represented an unusually luxuriant state, with almost fleshy leaves. The 
same remarks can be applied to H. Hamilton’s specimens, labelled “‘ The Nuggets, near 
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the sealers’ huts and works.” I have also seen specimens collected by Tennant on 
Auckland Island, and by Laing on Campbell Island. It is naturalized in Southern 
Patagonia, Fuegia, and Falkland Islands. Dr. Schimper, in the “ Valdivia” 
expedition, found it plentiful on Kerguelen Island, and remarked on its capability of 
flowering through the winter months. During the cruise of the “ Challenger” it was 
gathered on Marion Island, one of the Crozet Group. 


CoLoBanTHUS MuscorDES Hook. /f. 

Colobanthus muscoides Hook. f. Fl. Antarct. I (1844), p- 14, and Handbk. N.Z. Fl. 
(1864), p. 25; Homb. and Jacq. Voy. au Péle Sud Bot. (1853), t. 17; T. Kirk 
Students’ Fl. (1899), p. 62; Cheesem. Man. N.Z. Fl. (1906), p- 66, and Subantarct. 
Islands of N.Z. IT (1909), p. 401. 


Macquarie Island :—Rocky beaches and cliffs near the sea, abundant. 
(1880); A. Hamilton (1894); H. Hamilton (1912-1913). 


Scott 


Colobanthus muscoides is abundant on coastal rocks and cliffs on the shore line 
of all the subantarctic islands of New Zealand, often in situations where, as A. Hamilton 
states, it must be frequently drenched with salt water. It does not stretch as far 
north as Stewart Island, nor is it found in the South Georgia and Kerguelen groups of 
islands, or in Fuegia. It forms bright green cushions of variable size, sometimes as 
much as 40 cm. in diameter, although usually much less. On the surface of these 
cushions other little plants grow, such as Tillea moschata, Scirpus aucklandicus, and 
Ranunculus biternatus, together with a few mosses and Hepaticw. The interior of the 
cushion is well described by Kirk “as consisting of the partially decomposed stems 
and leaves of old plants and the roots of young plants,” forming a peaty mass usually 


saturated with water. 


In the Flora Antarctica Hooker remarks that C. muscoides is “ perhaps most 
nearly allied to the finest of the genus—a Kerguelen’s Land species” —-C. Kerguelensis 


Hook. f. 
CoLopantuus Bitiarprert Fenzl. 
Colobanthus Billardiert Fenzl in Ann. Wien. Mus. I (1836), p. 49; Hook. f. Fl. Antarct. I 


(1844), p. 14, and Fl. Nov. Zel. I (1853), p. 27; T. Kirk Students’ FI. (1899), p. 60; 
Cheesem. Man. N.Z. FI. p. 67, and Subantarctic Islands of N.Z. IT (1909), p. 401. 


Macquarie Island :—Locality not specified, A. Hamilton (1894); North end, and 
West Point, H. Hamilton (1912-1913). 


Probably not a common plant in Macquarie Island. A. Hamilton explicitly 
states that it is not so plentiful as O. muscoides; and H. Hamilton nowhere speaks of it 
as widely distributed. In my memoir on the Subantarctic Islands I mention that 
all the specimens examined by me from the Southern Islands are referable to an 
‘ unusually small state, barely more than 1:25 cm. high. A depressed patch without 
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locality collected by H. Hamilton is exactly that size, and matches Campbell Island 
specimens gathered by B. C. Aston. But’ two other sheets in H. Hamilton’s collectior 
contain much larger specimens with leaves and peducles 2 to 8 cm. long, thus 
approaching in size Kirk’s var. alpinus. 


In the New Zealand area C. Billardiert is abundant from the East Cape south- 
wards. It is usually considered to be the same as a Victorian and Tasmanian plant. 
But quite lately Dr. Skottsberg has reaffirmed its distinctness. He unites the New 
Zealand plant with the Fuegian and Falklands C. crassifolius Hook. f. Not having 


seen specimens of this, I can offer no opinion of my own. The whole genus is much in 
need of a careful revision. 


PORTULACACEA. 


MontvrIA FONTANA Linn. 


Montia fontana Linn. Sp. Plant. (1753), 87; Hook. f. Fl. Antarct. I (1844), p. 13, also 
Fl. Nov. Zel. I (1853), p. 74, and Handb. N.Z. Fl. (1864), p. 27; T. Kirk Students’ 


Tl. (1899), p. 65; Cheesm. Man. N.Z. Fl. (1906), p. 72, and Subantarctic Islands 
of N.Z. IT (1909), p. 402. 


Macquarie Island :—Not uncommon in streams or moist places near the sea, 


also in damp places on the sides of the hills. A. Hamilton (1894); H. Hamilton 
(1912-1913). 


I have seen no specimens except those gathered by H. Hamilton, which show 
the usual differences in size and habit due to locality and environment. One sheet of 
specimens, from ‘“‘ rocks by the sea-coast, West Point,’ shows depressed and densely 
leafy tufts 3-4 inches in diameter, while another “ from bed of creek” is composed of 
laxly branched tufts 2-5 inches high, strongly resembling what could be gathered in 
mountain districts in New Zealand. Another form, labelled “ between clumps of Poa 
joliosa on a sheltered hill-side” is remarkable for its long straggling sparingly leafy 
branches 4 to 6 inches long. ; 


Montia fontana is generally distributed throughout the North and South 
Temperate zones. 


ROSACEA. 


ACAINA ADSCENDENS Vahl. 
Acena adscendens Vahl Enum. I (1804), p. 294; Hook. f. Fl. Antarct. I (1844), p. 10, 


and II (1847), p. 268, t. 96; Cheesem. Subantarct. Islands of N.Z. II (1909), p. 403; 
Bitter Monog. die Gattung Acana (1910), p. 175. 


Stems stout, procumbent, 3-5 dm. long; branches ascending, glabrous, reddish- 
purple or rubescent. Leaves 6-10 cm. long; stipules large, 2 cm. long or even more, 
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sheathing, purplish-red; laminae 6-7 foliolate, obovate or obovate-oblong, obtuse, 
deeply and coarsely serrate-dentate, firm in texture but not coriaceous; lower pairs 
much reduced in size, sometimes almost petioled, the upper two or three pairs the 
largest, 1-5 cm. long, rarely more, green on both sides, upper surface glabrous or 
very slightly pilose, lower surface and rhachis pilose with silky hairs. Scapes 8-14 cm. 
long, stout, erect, smooth and glabrous, reddish-purple. Flowers hermaphrodite in all 
the specimens seen by me. Sepals 4, oblong, obtuse or subacute, sparingly pilose on 
the outside, 5 mm. long. Anthers 4, filaments exceeding the sepals when mature, 
broadly oblong, 1-75-2 mm. long, 1-5-1:75 mm. broad, dark purple. Spines 4, subequal, 
about 7-8 mm. long, exceeding the sepals, furnished with yellowish barbs at the top, 
shaft smooth, dark purple. Stigma bilaterally plumose, 4 mm. long. 


Macquarie Island :—Common near the sea, but also ascending to a considerable 
height on the hills. Fraser; Scott (1880); A. Hamilton (1894); H. Hamilton (1912-1913). 


Acena adscendens was collected on Macquarie Island prior to 1830, together 
with A. Sanguisorbe and several other plants, by the master of some sealing vessel, 
who handed his specimens to Mr. C. Fraser, then Superintendent of the Sydney Botanic 
Gardens. By him they were forwarded to Sir W. J. Hooker at Kew, the collection 
being the first received from any of the islands to the south of New Zealand. 


Mr. H. Hamilton’s collection includes three excellent sheets of specimens. The 
first, labelled as the “ largest form,’ was collected on “‘ terraces near the sea”’ at the 
north end of the island, and agrees wonderfully well with the fine plate of A. adscendens 
given by Hooker in the Flora Antarctica. The two other sheets, one from “ Wireless 
Hill, alt. 300 ft.” and the other from “ Hillside, but no great distance from the sea,” 
although both much smaller in size, nevertheless correspond so closely in all essential 
characters that I can see no reason for separating them as varieties. 


A. adscendens is one of the most widely distributed species of the genus. It 
is found in Patagonia, Fuegia, Falkland Island, Kerguelen Island, Crozets, and South 
Georgia. Some specimens from the mountains of the South Islands of New Zealand 
were also referred to it by Hooker in the ‘‘ Handbook.’ But most botanists now con- 
sider these to be distinct: and Bitter, in his recently published monograph of the genus, 
has described them as new species under the names of A. saccaticupula, A. hirsutula, 
and A. fissistipula. The two latter, however, are doubtfully distinct from one another. 


Ac&NA SANncuisorBa Vahl var. minor Hook. f. 


Acena Sanguisorba@ Vahl var. minor Hook. f. Fl. Antarct. I (1844), p. 9; Cockayne in 


Trans. N. Z. Inst. XLIX (1917), p. 56; Aca@na Sanguisorbe Vahl var. antarctica 
Cockayne in Trans. N. Z. Inst. XXXVI (1904), p. 319; Cheesem. Subantarctic 
Islands of N. Z. II (1909), p. 403; Acaena Sanguisorbe Vahl var. aucklandica Bitter 
Monog. der Gattung Acwna (1910), p. 274. 
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Stems stout, long, procumbent, often elongated and much branched, glabrous or 
silky at the tips of the very young shoots. Leaves very variable in size, 3 to 8 cm. 
long; stipules large, sometimes as much as 1:5 cm. long, sheathing; lamine four to 
six foliolate, the two lowest pairs much reduced in size, the lowest minute and distant 
from the others, the upper pairs close together, oblong to obovate, acutely and coarsely 
serrate-dentate, glabrous or nearly so above, beneath densely clothed with silky appressed 
hairs on the rhachis and primary veins, margins pilose with silky hairs and with the 
tips of the teeth furnished with a pencil of silky hairs, pale-green on both surfaces but 
paler beneath. Scape 3 to 7 cm. long, stout, erect, in the young state densely clothed 
with silky appressed hairs, becoming more glabrous in age. Heads variable in size, 
even when mature, 1 to 2cm. diam., in colour ranging from stramineous to pale rubescent. 
Sepals four, pale green, broadly oblong, obtuse, 1-5 to 2 mm. long, glabrous above, 
pilose with appressed silky hairs beneath. Stamens two, filaments variable in length, 
sometimes barely exceeding the sepals, at other times nearly twice as long; anthers 
-5 to -6 mm. long, -6 to -75 mm. broad, broadly transversely oblong, pale purple or 
yellowish purple. Cupule broadly obconic, densely pilose with appressed hairs; spines 


four, subequal, exceeding the sepals, barbed at the tip. Stigma broadly bilaterally 
plumose. 


Macquarie Island :—Common on the lower grounds, and on hillsides near the 
sea. Fraser; Scott (1880); A. Hamilton (1894); H. Hamilton (1912-1913). 


Like the preceding species, this was first recorded from Macquarie Island by Sir 
J. D. Hooker on the strength of specimens sent to Kew by Mr. C. Fraser, of Sydney. 
Dr. Scott, who gathered it during his visit of 1880, incorrectly referred it to A .Buchanani, 
which does not extend beyond the limits of New Zealand proper. 


A form gathered by H. Hamilton at an elevation of 500 feet on the hills at 
the northern end of the island is much depressed, forming densely branched patches 
of considerable size. It has much smaller leaves and shorter scapes than the 
ordinary form, and is also darker in colour, but there are no other differences of 
importance. 


I quite agree with Dr. Cockayne (Trans. N.Z. Inst. XLIX, p. 15) in restoring 
Hooker's varietal name of minor, thus relegating the later published names of 
aucklandica Bitter, and antarctica Cockayne, to the position of synonyms. As the 
Macquarie Island Acwnw have never been fully characterised, I have drawn up the 
above descriptions, following to a considerable extent the plan adopted in Bitter’s 
elaborate monograph of the genus. 


A. Sanguisorba, looking at it in its widest sense, has an extensive distribution. 
It is found in New Zealand, Australia, Tristan d’ Acunha, Amsterdam Island, Auckland 
and Campbell Islands, Antipodes Island and Macquarie Island. 
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CRASS ULACE Al. 
TILL@A MOSCHATA D.C. 


Tillea moschata D.C. Prodr. HI (1828), p. 382; Hook. f. Fl. Noy. Zel. I (1853), p. 76, 
and Handb. N.Z. FI. (1864), p. 61, also Phil. Trans. Roy. Soc. vol. 168 (1879), p. 20; 
T. Kirk Students’ Fl. (1899), p. 142; Cheesem. Man. N.Z. Fl. (1906), p. 140, 
and Subantarctic Islands of N.Z. (1909), p. 404. Crassula moschata Forst. Comm. 
Gott. IX (1789), p. 26. Bulliarda moschata D’ Ury. FI. Malouines (1826), p. 618; 
Hook. f. Fl. Antarct. I (1844), p. 15, and II (1847), p. 278. 


Macquarie Island :—Rocks by the sea, common. Scott (1880); A. Hamilton 
(1894); H. Hamilton (1912-1914). 


This is one of the circumpolar species of the southern hemisphere, found on the 
shores of all the lands between S. lat. 40° and 54°. In Macquarie Island it is abundant 
on coastal rocks, usually mixed with dense patches of Colobanthus and Scirpus 
aucklandicus, the vivid green of which contrasts sharply with the dull red of the Tilla@a. 
On wet gravelly beaches it is often associated with Ranunculus biternatus and Callitriche 
antarctica, together with the Scirpus already mentioned. 


Tillea Sinclair, included in Dr. Scott’s list, is doubtless an error for 7’. moschata, 
which he does not mention. 


HALORAGE. 
CALLITRICHE ANTARCTICA Engelm. 


Callitriche antarctica Engelm. ex Hegelm. in Verh. Bot. Ver. Brand. IX (1867), p. 20; 
Kidder in Bull. U.S. Nat. Mus. IIT, p. 23; T. Kirk Students’ Fl. (1899), p. 156; 
Cheesem. Man. N.Z. Fl. (1906), p. 158, and Subantarctic Islands of N.Z. IL (1909), 
p. 404. Callitriche verna Linn. var. b terrestris Hook. f. Fl. Antarct. I (1844), p. 11. 
C. verna Linn. subsp. obtusangula Hook. f. Phil. Trans. Roy. Soc. vol. 168, p. 20 
(1879). 


Macquarie Istand:—Common in wet places, often associated with Cardamine 
and Montia. A. Hamilton (1894); H. Hamilton (1912-1913). 


I have seen very few specimens of this from Macquarie Island, and all of them 
in an unsatisfactory condition. They are in young flower only, and show no signs of 
fruit, making it difficult to he sure of the species, the characters of which depend largely 
on the shape of the fruit. But in habit and flower they agree so well with specimens 
from the Snares and Campbell Island bearing the fruit of C. antarctica that I cannot 
doubt their identity. 


Like Tilla@a moschata, this is a true circumpolar plant, and has been recorded 
” from almost all the islands of the subantarctic zone. 
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ONAGRACEAE. 


EPILOBIUM LINNAEOIDES Hook. f. 


Epilobium linneoides Hook. f. Fl. Antarct. I (1844), p. 10, t. 6, also Fl. Nov. Zel. I 
(1853), p. 58, and Handb. N.Z. FI. (1864), p. 77; Haussk. Monog. Epilob. (1884); 
T. Kirk Students’ Fl. (1889), p. 178; Cheesem. Man. N.Z. Fl. (1906), p. 179, and 
Subantarctic Islands of N.Z. IL (1909), p. 406. 


Macquarie Island :—Along the sides of gullies and in moist sheltered places on 
hillsides, A. Hamilton (1894); H. Hamilton (1912-1913). 


The few specimens of this species that I have seen from Macquarie Island agree 
very closely with Auckland Island specimens collected by Aston and others. But then 
it is remarkably uniform in its characters, compared with most of the species of the 
genus. From Macquarie Island it extends northwards through the Auckland Islands, 
Campbell Island, and Antipodes Island to Stewart Island and the main islands of 
New Zealand, reaching its extreme northern limit on the elevated volcanic plateau 
surrounding the base of ‘Tongariro and Ruapehu. f 


EpILoBIUM NUMMULARIFOLIUM 2. Cunn. 
var. NERTERIOIDES Hook. }. 


Hpilobium nummularifolium R. Cunn. var. nerterioides Hook. f. Fl. Nov. Zel. 1 (1853), 
p. 57, and Handbk. N.Z. Fl. (1864), p. 77; T. Kirk Students’ Fl. (1899), p. 174; 
Cheesem. Man. N.Z. Fl. (1906), p. 180, and Subantarctic Islands of N.Z. IT (1909), 
p. 407. 2H. nerterioides A. Cunn. Precur. n. 541; Hook. f. Fl. Antarct. I (1844), 


p. ll. H. pedunculare A. Cunn. Precur. n. 536, var. aprica Haussk. Monog. 
Hpilob. (1884), p. 303. 


Macquarie Island :—In swamps. A. Hamilton (1894); H. Hamilton (1912-1913). 


H. Hamilton’s specimens, which are all that I have seen, are very imperfect and 
few in number, and quite insufficient for the proper determination of the species. 
They bear no fruit, although portions of the previous year’s peduncles are present, 
and the flowers are in very young bud only. Consequently no safe conclusions can be 
drawn from the inflorescence. The leaves are larger than is usual in var. nerterioides, 
and are much narrower, being ovate-oblong, instead of rounded-oblong or orbicular. 
The specimens do not correspond with examples gathered by Aston and Tennant on 
Auckland Island, or with New Zealand specimens of the plant, and it is quite 
possible that they may belong to another species. At the same time, it should be 
mentioned that the late Mr. T. Kirk examined A. Hamilton’s specimens, which I have 
not seen, and had no hesitation in referring them to var. nerterioides. 

38864—D 
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UMBELLIFERAi. 
AZORELLA SELAGO Hook. }. 

Azorella Selago Hook. f. Fl. Antarct. II (1847), p. 284, t. 99, and Phil. Trans. Roy. Soc. 
vol. 168 (1879), p. 20; T. Kirk Students’ FI. (1899), p. 191; Schenk in Pflanzen- 
geogr. Subantark. Insel (1905), p. 29, tt. 1 to 10; Cheesem. Man. N.Z. Fl. (1906), 
p- 200, and Subantarctic Islands of N.Z. II (1909), p. 407. 

Macquarie Island :—Abundant, ascending to the tops of the hills. Fraser; 
Scott (1880); A. Hamilton (1894); H. Hamilton (1912-1913). 

This remarkable plant was originally discovered in Kerguelen Island in 1776 
by Mr. W. Anderson, the surgeon during Cook’s third voyage. At that time, not 
much interest was taken in Antarctic plants, and Anderson’s specimens remained 
undescribed until Hooker published the Flora Antarctica in 1844-1847. Prior to that 
time, however, it had been collected in Fuegia by Darwin and Captain King, and 
Hooker himself had found it to be most abundant in Kerguelen. During the “Challenger”’ 
expedition it was also collected on the Crozets, Marion Island, and Heard Island. For 
the first information respecting its occurrence on Macquarie Island we are indebted to 
Mr. C. Fraser, for some time Superintendent of the Sydney Botanic Gardens, who, 
prior to 1832, sent specimens of it to Kew. In 1880 the species was gathered by Dr. 
Scott, who remarks that “ it grows on the hillsides, forming globular masses often 4 feet 
across.” A. Hamilton, when describing his visit to Macquarie Island in 1894, says 
that on the hill-tops the special feature of the vegetation was the Azorella, with its 
bright green convex masses of stems and leaves. H. Hamilton verbally informed 
me that it is abundant on the hills and open plateaux, at the higher levels forming 
the chief component of the scanty vegetation. 

Professor Mosely, in a descriptive account of Marion Island (Notes by a 
Naturalist on the “ Challenger,’ pp. 163-170), draws attention to the fact that at an 
elevation of 900 feet, where the temperature of the air was 45°F., the thermometer, 
when plunged into the centre of a mass of Azorella, rose to 50°. He argues that “ it 
is evident that these mounds retain and store up a considerable quantity of the sun’s 
heat, and this fact yields a partial explanation of their peculiar form, which is that of 
so many otherwise widely different Antarctic plants, and of some New Zealand alpine 
plants (Raoulia, Haastia). No doubt, power gained of resistance to wind is one of the 
chief causes of assumption of this form.” 

The magnificent series of plates given by Dr. Schenk in his “ Pflanzengeographie 
der Subantarcktischen Insel”? shows how much the physiognomy of the vegetation of 
the islands of the Kerguelen Group (Kerguelen, Crozets, Marion, &c.) is affected by the 
presence of the hummocks of Azorella. And Mr. A. Hamilton’s explicit statement 
“that at about 300 feet you gain a plateau so swept by the antarctic gales that 
vegetation is reduced to compact closely growing mosses, small Uncinias, and the 
conspicuous cushion-like masses of Azorella Selago”’ shows that the same is the case 
in the uplands of Macquarie Island, 
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ARALIACEAE. 


STILBOCARPA POLARIS A. Gray. 


Stilbocarpa polaris A. Gray Bot. US. Expl. Exped. (1854), p. 714; Hook. f. Handbk. 
N.Z. Fl. (1864), p. 100; T. Kirk Students’ FI. (1899), p. 215; Cheesem. Man. N.Z. 
Fl. (1906), p. 227, also Ilustr. N.Z. Fl. 1 (1914), t. 70, and Subantarctic Islands of 
N.Z. Il (1909), p. 409. Aralia polaris Homb. et Jacq. ex Hook. f. Fl. Antarct. I 
(1844), p. 19; Hook. f. Ic. Plant. t. 701; Homb. et Jacq. Bot. Voy. Astrol. et Zel. 
(1852), p. 55, t. 2 Dicot. 


Macquarie Island :—Abundant on the slopes of the hills, and ascending almost 
to their summits. Scott (1880); A. Hamilton (1894); H. Hamilton (1912-1913). 


As I have elsewhere remarked, the discovery of Stilbocarpa dates back to 1840, 
in which year it was collected in the Auckland Islands, in quick succession, by Dr. Holmes 
of the American Exploring Expedition ; by Admiral D’ Urville, the commander of the 
French ships “ Astrolabe” and “* Zelée,’ and by Sir J. D. Hooker, who accompanied the 
Antarctic Expedition of Sir James Clark Ross. It was made known to the scientific 
world in 1848, under the name of Aralia polaris, through a beautiful plate issued in 
advance of the ‘‘ Botany of the Astrolabe and Zélée,’ but Hooker’s description in the 
Flora Antarctica, published in 1844, was the first good account to appear. Since then 


it has been observed and admired by every visitor to the Subantarctic Islands of New 
Zealand. 


As for the physiognomy of Stlbocarpa, so many excellent accounts have been 
published that it is not necessary to repeat information already widely known. I may 
be allowed, however, to quote Hooker's remarks to the effect that it is “‘ one of the 
most handsome and singular of the vegetable productions in the group of islands that 
it inhabits, which certainly contains a greater proportion of large and beautiful plants, 
relatively to the whole vegetation, than any country with which I am acquainted. 
Growing in large orbicular masses, on rocks and banks near the sea, or amongst the dense 
and gloomy vegetation of the woods, its copious bright green foliage, and large umbels 
of waxy flowers, often nearly a foot in diameter, have a most striking appearance.” 
The above words refer to its appearance in Auckland Island, where it is associated 
with many other striking plants. In Macquarie Island, where Pleurophyllum is the 
only other really handsome species, Stalbocarpa is still more conspicuous. 


Stilbocarpa was first observed on Macquarie Island by Dr. Scott in 1880. He 
remarks that it “is found all over the island, growing in large patches. In sheltered 
corners on the lower ground it is a handsome plant, and its bright green leaves are 
always conspicuous.” A. Hamilton, in the account of his later visit in 1894, Says, 
‘““ Once beyond the belt of swamp you ascend the steep slopes of the hills, and here you 
struggle and wrestle with the huge leaves of the Macquarie Island Cabbage (Stilbocarpa 
polaris), « plant resembling very fine rhubarb . . . . ~ Round the tops of the 
hills in some of the more sheltered places or gullies stunted plants of Stilbocarpa and 
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“ 


Pleurophyllum cover the ground.’ It was also collected by H. Hamilton in 1912; and 
an excellent photograph taken by him is reproduced at p. 232 of vol. 2 of Mavwson’s 
“ Home of the Blizzard.” Unfortunately the publishers have appended to the illustra- 
tion the very inaccurate title of “ Kerguelen Cabbage”; but it nevertheless gives a 
good idea of the habit of the plant. 


The origin of Stibocarpa has yet to be explained. As I have elsewhere stated 
(Subantarctic Islands of New Zealand, I, p. 464) “* Stilbocarpa has no near relatives in 
New Zealand, Australia, or South America, and must be looked upon as the most 
isolated genus in the flora of the southern islands, occupying a similar position to that 
of Pringlea in Kerguelen Island. Its presence is a most remarkable fact in botanical 
geography, and no satisfactory explanation of its origin has yet been advanced.” 


RUBIACE/#. 


CopROSMA REPENS Hook. }. 
Coprosma repens Hook. f. Fl. Antarct. I (1844), p. 22, t. 16a, also Fl. Nov. Zel. I (1853), 
p- 110, and Handb. N.Z. Fl. (1864), p. 119; T. Kirk Students’ Fl. (1899), p. 245; 
Cheesem. Man. N.Z. Fl. (1906) and Subantarctic Islands of N.Z. II (1909), p. 412. 


Macquarie Island :—Not uncommon, ascending to the summits of many of the 
hills. Scott (1880); A. Hamilton (1894); H. Hamilton (1912-1913). 


A. Hamilton states that C. repens is chiefly found on the masses of Azorella and 
amongst the tufts of mosses on the higher grounds, and H. Hamilton gives similar 
particulars on his labels. All the specimens that I have seen correspond well with the 
usual state of the species in New Zealand. Scott?s specimens were not in flower; 
A. Hamilton’s, as Kirk remarks, have most frequently four stamens, and the females 
four styles. H. Hamilton’s are all females, and the flowers all have four styles. But 
this peculiarity is common in New Zealand. 


C. repens is an abundant plant on the mountains of New Zealand, and extends 
southwards to Auckland Island, Campbell Island, and Antipodes Island. It is also 
found in Victoria and Tasmania. 


COMPOSITAL. 


PLEUROPHYLLUM Hooxkert Buch. 

Pleurophyllum Hookeri Buch. in Trans. N.Z. Inst. XVI (1884), p. 395; T. Kirk Students? 
Fl. (1899), p. 278; Cheesem. Man. N.Z. Fl. (1906), p. 296, also Subantarctic Islands 
of N.Z. II (1909), p. 414, and Illustr. N.Z. Fl. I (1914), t. 92. P. Hookerianum 
T. Kirk in Trans. N.Z. Inst. XXIII (1891), p. 435, t. 40. P. Gilliestanwm T. Kirk in 
Trans. N.Z. Inst. XXIII (1891), p. 435. 


Macquarie Island :—Abundant in most parts of the island, ascending almost to 
the tops of the hills. Fraser; Scott (1880); A. Hamilton (1894); H. Hamilton (1912-1913). 
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This fine plant was one of the eight species collected on Macquarie Island prior 
to 1832, and forwarded to Kew by Mr. C. Fraser. Since then, it has been observed by 
all visitors interested in the vegetation of the island. Dr. Scott states “ This, like the 
Stilbocarpa, occurs in large patches all over the island, and is the handsomest plant 
thereon. Its long sage-green leaves and purple flowers make it particularly noticeable.” 
A. Hamilton remarks ‘‘ This handsome plant was long past flowering when we landed, 
and the tips of the silvery leaves were frost-bitten. The last flowering did not seem to 
have been very general, as a very small percentage bore the dry flower-spikes. On one 
plant there were nine of these, bearing the remains of 164 flowers. The seedlings, even 
when the leaves are less than three inches long, have strong stout rootlets which go 
down through the mass of vegetable matter in which they grow. ‘There is absolutely 
no sand or loam for them to grow in—nothing but decayed vegetable matter. In a 
specimen before me, in which the leaves are about 20 mm. long, the rootlet is 160 mm. 
in length. Mr. Kirk notes that the leaves of the young plants approach those of 
P.criniferum more nearly than specimens from Auckland and CampbellIslands . . The 
silvery patches of this handsome plant show out plainly among the mosses and grasses 
in the drier parts of the swamps, and in sheltered places on the uplands.” 


Like Stilbocarpa, Pleurophyllum is a genus confined to the islands to the south 
of New Zealand, and like it has three well defined species, of which P. Hookeri is the 
only one that extends to Macquarie Island. Pleurophyllum, however, is by no means 
so isolated in its characters as Stilbocarpa; for although its habit 1s most distinct, its 
floral characters are those of Olearia, Celmisia, Aster and Erigeron. Its nearest relatives 
are probably the macrocephalous species of Olearia. 


CoruLta pLUMOSA Hook. f. 


Cotula plumosa Hook. f. Handb. N.Z. Fl. 1864, p. 141, and Phil. Trans. Roy. Soc., vol. 
168 (1879), p. 20; T. Kirk Students’ FI. (1899), p. 323; Cheesem. Man. N.Z. Fl. 
(1906), p. 352, andSubantarct. Islands of N.Z. IT (1909), p. 416. 


Leptinella plumosa 
Hook. f. Fl. Antarct. I (1844), p. 26, t. 20. 


Macquarie Island :—Abundant all along the shores of the island, on rocks and 


gravel, or in grassy places, but never far from the sea. Fraser ; Scott (1880) ; A. Hamilton 
(1894); H. Hamilton (1912-1913). 


According to Hooker (FI. Antarct. I, p. 27), this handsome plant, which is by 
far the finest species of the genus, was originally discovered on Macquarie Island, “ from 
whence specimens were received by Mr. Fraser in New Holland, and by him transmitted 
to England; but it is not ascertained who found them.’ It has since been observed 
by all visitors to the island. It is also found on the Auckland Islands, Campbell Island, 
and Antipodes Island; and occurs in great quantities on Kerguelen Island and the 
Crozets. Hooker remarks that on Kerguelen it forms “ immense luxuriant blue-green 
patches where the soil is enriched by the dung of birds and seals.” No doubt the growth 
of the plant in Macquarie Island is influenced in a similar manner. 
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H. Hamilton’s collection contains an excellent series of specimens, which I have 
carefully compared with others from the Auckland and Campbell Islands. With the 
exception that the Macquarie Island plant is obviously smaller (which might be predicted 
from its more southerly habitat), I can see no differences of importance. 


J UNCACE/E. 
JUNCUS SCHEUCHZERIOIDES Caud. 


Juncus scheuchzerioides Gaud. in Ann. Sc. Nat. V (1825), p. 100; Hook. f. Fl. Antarct. I 
(1844), p. 80, and IT (1847), p. 358, also Phil. Trans. Roy. Soc., vol. 168 (1879), 
p- 21; Buchen. Monog. June. (1890), p. 61, and Pflanzenr. Heft 25 (1906), p. 171, 
t. 86; Cheesem. Man. N.Z. Fl. (1906), p. 731. 


Macquarie Island :--Marshy ground, north end. H. Hamilton (1912-1913). 


H. Hamilton’s specimens, referred to above, are the first collected in Macquarie 
Island. They exactly correspond with examples gathered by Kirk on Antipodes Island, 
and by Aston on Auckland Island; but hardly agree with Buchenau’s fine plate 
in the Pflanzenreich, being smaller, less branched, and. with much less conspicuous 
leaf-sheaths. Buchenau appears to doubt the identity of the New Zealand plant with 
the South American, but does not state how they differ. J. scheuchzerioides is" very 
closely allied to J. nove-zealandiew and J. pusillus, and small specimens, especially 
when in young flower, may easily be confused with either of them. 


J. scheuchzeriordes ranges southwards from Argentina to Fuegia and Falkland 
Islands. It has also been recorded from South Georgia, Kerguelen Island, and the 
Crozets, but there is a doubt as to whether the specimens from some of these localities 
would not be more correctly placed under J. nove-zealandie or J. pusillus. Tt was 
gathered by Hooker on Auckland Island and Campbell Island, and by Kirk on 
Antipodes Island. In the Handbook of the New Zealand Flora, Hooker records it 
from the Lake District of Otago, on the authority of specimens collected by Hector and 
Buchanan, but it does not seem to have been met with of late years. 


LUZULA CAMPESTRIS D.C, 


var. CRINITA Hook. f. 

Luzula campestris D.C. Fl. Franc. HI (1905), p. 161, var. crinita (Hook. f.) Buchen. in 
Osterr. Bot. Zeit. (1898), p. 215, also Pflanzenr. Heft 25 (1906), p. 93; Cheesem. 
Man. N.Z. Fl. (1906), p. 737, and Subantarct. Islands of N.Z. II (1909), p. 432. 
L. crimta Hook. f. Fl. Antarct. IT (1844), p. 84, t. 48, and II (1847), p. 545, also 
Handbk. N.Z. Fl. (1864), p. 293; Buchenau Monog. June. (1890), p. 151. 


Macquarie Island :—Plentiful, especially in damp peaty places. Fraser; Scott 
(1880); A. Hamilton (1894); H. Hamilton (1912-1913). 
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Prior to 1898, when Dr. Buchenau, the great authority on the Juncacee, 
published his masterly memoir on “ Luzula campestris and its allied species” (Oesterr. 
Bot. Zeit. (1898), all botanists were practically agreed in maintaining Luzula crinita 
as a separate species. It is true that Hooker, who, when he originally described it in 
1844, remarked that “ this appears to be a very distinct species, most nearly allied to 
L. Alopecurus Desv,’ had twenty years later acquired some doubts as to its distinctness, 
for in the “ Handbook” he says “ probably only a gigantic form of L. campestris, with 
broader leaves and more ciliated bracts.’ Still, so far as I am aware, no botanist 
proposed any change until Buchenau approached the subject. The robust habit, and 
particularly the broad leaves and bracts, with their distinctly thickened and con- 
spicuously ciliate margins, the compact and dark-coloured inflorescence, usually 
reduced to a single conglobate head, undoubtedly give the plant a most distinct 
appearance. But all the above characters are uncertain and highly variable; and 
Buchenau is perfectly justified in remarking that “ this form cannot be kept up as a 
species, as the degree of ciliation, and the breadth of the leaves, &c., are unreliable 
characters.” Students of the genus would do well to carefully study Buchenau’s 


memoir, quoted above, and also his later summary given in the Pflanzenreich (25, 
pp. 84 to 95). 


Var. crinita has been observed by all visitors to Macquarie Island, and appears 
to be generally distributed in suitable localities from sea-level to a considerable height 
on the hills. H. Hamilton’s collection contains six sheets of specimens, showing great 
variation in size, degree of robustness, length of leaves as compared with that of the 
culms, degree of ciliation, &c. The inflorescence, however, is in almost cases massed 
into a single conglobate head. Specimens gathered on swampy flats about 50 feet 
above sea-level reach a height of from 25 to 40 cm.,-the leaves, however, often not 
attaining half that length. This form appears to have the leaves and bracts much less 
ciliate, but this may be due to the specimens being well advanced in age. On the 
other hand, specimens collected on wind-swept ridges range from 5 to 10 cm. in height, 


the culms being considerably overtopped by the leaves; and the whole plant is stouter 
and more rigid. 


The geographical range of var. crinita is commonly supposed to be limited to 
the islands to the south of New Zealand. But I possess specimens from Stewart 
Island which I cannot distinguish from others gathered on Auckland Island. 


CY PERACK A. 
ScIRPUS AUCKLANDICUS Boeck. 


Scirpus aucklandicus Boeck in Linnaea, XXXVI (1869-1870), p. 491; Cheesem., 
Man. N.Z. Fl. (1906), p. 773, and Subantarct. Islands of N.Z. I (1909), p. 433. 
Isolepis aucklandica Hook. £. Fl. Antarct. I (1844), p. 88, t. 50, and Handbk. 
N.Z. Hl. (1864), p. 302; Hemsl. in Bot. Chall. Exped., Part III (1885), p. 266. 


Macquarie Island :—Wet places near the sea. H. Hamilton (1912-1913). 
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Scirpus aucklandicus was first gathered on Macquarie Island by H. Hamilton, 
who observes that it occurs in small patches in swampy hollows, and on low-lying 
coastal flats. Probably it is abundant in suitable localities all round the island. It 
is the most plentiful species of the genus in the islands to the south of New Zealand, 
and is common in mountain districts in New Zealand itself. It has also been recorded 
from Tasmania, and from the isolated Amsterdam Island. 


UNCINIA RIPARIA &.Br. var. Hooxert Kukenth. 


Uncinia riparia R.Br. Prodr. Fl. Noy. Holl. (1810), p. 241, var. Hookeri (Boott) 
Kukenth. in Pflanzenr. Heft. 38, p. 68; Cheesem. Subantarct. Islands of N.Z. IT 
(1909), p. 434. U.Hookert Boott in Hook. f. FJ. Antarct. I (1844), p. 91, t. 51. 
U. rupestris Boott in Hook. f. Fl. N.Z., I (1853), p. 286, and Hook. f. Handb. 
N.Z. Fl. (1864), p. 310; Cheesem. Man. N.Z. Fl. (1906), p. 804. 


Macquarie Island :—Ascending the hills to a considerable height. A. Hamilton 
(1894). 

I have seen no specimens of any species of Uncinia from Macquarie Island, and 
there are no examples in H. Hamilton’s collection. But it is quite certain that a species 
of the genus was collected during the earlier visit of A. Hamilton. His specimens were 
examined by Kirk, who referred them to U. nervosa Boott. He remarked that “ this 
is intermediate between U. compacta R.Br. and U. tenella R.Br.; the leaves closely 
approach those of the former, while the fruits resemble the latter, but are of a darker 
colour, and more glossy.’ I am informed that at a later date Kirk. referred the 
specimens to U. rupestris Raoul, in which he also included the Uncinias gathered by 
himself on the Auckland Islands and Antipodes Island in 1890. In this view he was no 
doubt influenced by the opinion of the late Mr. C. B. Clarke, who had previously referred 
Boott’s U. Hookeri from Auckland and Campbell Islands to U. rupestris. 1 adopted 
the same view in the ‘“‘ Manual,’ but when preparing my memoir on the Subantarctic 
Islands, I was led to re-examine the question in the light of much more complete 
material. I now agree with Kukenthal, who has made a special study of the genus, in 
considering that neither Hooker’s nor Kirk’s specimens agree with Raoul’s description 
and plate, and are much better included in R. Brown’s U. riparia. Until further 
information is obtained respecting the Macquarie Island plant it is better to treat it 
in the same manner. 


CAREX TRIFIDA Cav. 
Carex trifida Cav. V (1799), p. 41, t. 465; Hook. f. Fl. Antarct. I (1844), p. 89, also II 
(1847), p. 368, and Fl. Noy. Zel. (1853), p. 284; Cheesem. Man. N.Z. Fl. (1906), 
p- 833, and Subantarct. Islands of N.Z. II (1909), p. 434. 


Macquarie Istand:—Fringing swamp-holes on flats at West Point. H. Hamilton 
(1912-1913). 
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Mr. H. Hamilton is the first to gather this species on Macquarie Island, where it 
seems to be rare, for he remarks on his labels that it was only seen in the locality quoted 
above. His specimens correspond very well with others that I have examined from 
Auckland Islands and the Snares. It has also been recorded from Campbell Island 
and Antipodes Island. In New Zealand it is sparingly found near the coast from Queen 
Charlotte Sound southwards to Foveaux Straits. In South America it was collected by 
the illustrious Darwin at Cape Tres Montes, to the south of the Chonos Archipelago; and 
Sir J. D. Hooker found it abundant on the Falkland Islands; but so far as I am aware, 
it has not been recorded in the intervening districts of Patagonia and Fuegia. It is 
also unknown in the South Georgia and Kerguelen groups. (. trifida is the only species 
of Carex confined to temperate South America and the New Zealand area, unless 


Kukenthal is correct in identifying a Chatham Island plant with the South American 
C. Darwinii. 


GRAMINEA#. 
AGROSTIS MAGELLANICA Lam. 


Agrostis. magellanica Lam., Illustr. I (1791), p. 160; Hook. f. Phil. Trans. Roy. Soe. 
(1879), p. 21; Cheesem. Man. N.Z. Fl. (1906), p. 862; Petrie in Subantarct. Islands 
IT (1909), p. 473. Agrostis antarctica Hook. f. Fl. Antarct. II (1847), p. 374, t. 132, 


and Handb. N.Z. Fl. (1864), p. 327. Agrostis multicaulis Hook. f. Fl. Antarct. I 
(1844), p. 95. 


Macquarie Island:—Common all over the island, in swampy places and on the 
hillsides. A. Hamilton (1894); H. Hamilton (1912-1913). 


This is a widely distributed species. It is found in southern Chili, Fuegia, and 
the Falkland Islands ; and has also been recorded from Kerguelen Island, Marion 
Island, and Heard Island, but curiously enough has not yet been detected in South . 
Georgia. It is abundant in the Subantarctic Islands of New Zealand ; and has also 
been gathered in a few localities in New Zealand proper. It is thus a true circumpolar 
species, and its swide distribution, together with that of a few other Species, must be 


taken into account in considering the origin and development of the southern circum- 
polar flora generally. 


It is somewhat remarkable that Dr. Scott did not collect A. magellanica on 
Macquarie Island; for both the Hamiltons assure me that it is abundant thereon. The 
humerous specimens collected by H. Hamilton prove that it varies greatly in size, as 
also in the length of the awn, and the degree of development of the palea. 


DESCHAMPSIA CHAPMANI Peérie. 


Deschampsia Chapmani Petrie, in Trans. N.Z. Inst. XXIII (1891), p. 401, and in Sub- 
antarctic Islands of N.Z. II (1909), p- 877. D. Hookert T. Kirk in Journ. 
Bot. XXIV (1891), p. 237. Catabrosa antarctica Hook. f. Fl. Antarct. T (1844), 


p. 102, t. 56. Triodia antarctica Benth. in Journ. Linn. Soc. XIX (1881), p- 111. 
38864—E 
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Macquarie Island :—Swampy flats near the sea, not uncommon. A. Hamilton; 
H. Hamilton (1912-1913). 


There are several sheets of specimens of this species in H. Hamilton’s collection. 
Although variable in size, and in the degree of development of the panicle, its floral - 
characters appear to be fairly constant, and agree well with specimens that I have 
examined from Auckland Island, Canterbury, and Otago. It was first collected by 
Sir J. D. Hooker on Campbell Island in 1840. 


D.Chapmanz is closely allied to the two New Zealand species, D. nove-zealandi@ 
and D. tenella. The first of these is best distinguished by the total absence of the dorsal 
awn; the second is separated by the hairy rhachilla. In habit and mode of growth 
there is little to separate the three plants, and they were grouped together by 'T. Kirk 
under the name of D. Hookert. It is really little more than a matter of taste whether 
this view is adopted, or whether the three species are kept up. 


DESCHAMPSIA PENICILLATA 7’. Kark. 


Deschampsia penicillata T. Kirk in Trans. N.Z. Inst. X XVII (1895), p. 354 ; Cheesem. 
Man. N.Z. Fl. (1906), p. 879 ; Petrie in Subantarct. Islands of N.Z. II (1909), 
p: 475. 


Macquarie Island :—In swamps. A. Hamilton (1894). 


I regret that this species was not collected by H. Hamilton during his recent visit. 
Our knowledge of it is thus confined to the two specimens originally described by Kirk. 
While it has the hairy rhachilla of D. tenella and D. gracillima, it differs from both in 
the total absence of the dorsal awn, and in the rhachilla being produced beyond the 
upper flower, often bearing a rudimentary glume at the tip. It is presumably confined 
to Macquarie Island. 


TRIODIA MACQUARIENSIS Cheesem. n.sp. 


Gramen perenne, dense caespitosum. Culmi numerosi, erecti vel geniculati, 
multinodi, 6-12 cm. alti, laeves, glabri, ad paniculam vaginati. Folia summa paniculam 
excedens, linearia, 1-2 mm. lata, glabra, profunde striata, plana vel involuta, apice 
calloso-indurata; ligula lata, scariosa; vaginae elongatae, latae, albidae, membranaceae. 
Panicula contracta, glabra, 2-3 cm. longa, parce ramosa. Spiculae 6-15, 3-5 florae, 
6-7 mm. longae; rhachilla inter flores elongata, glabra. Glumae vacuae inaequales, quam 
florentes multo minores, oblongae, obtusae, trinerves. Glumae florentes ovatae vel lata 
oblongae, 5-nerves, glabrae, apice minute 3-dentatae vel irregulariter erosae. Palea lata, 
2-carinatae, carinis ciliatis. Lodiculae acutae membranaceae. 


Macquarie Island :—Rocks and clifis near the coast. H. Hamilton (1912-1913). 


Apparently perennial, tufted, often forming dense patches, smooth and glabrous. 
Culms numerous, erect or geniculate at the base, 6-12 cm. long, leafy to the base of the 
panicle. Leaves equalling the culms or longer than them, rather narrow, 1-2 mm. 


’ 
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broad, deeply striate, quite glabrous, flat or involute, margins thickened, tips obtuse, 
callous; ligules broad-ovate, thin and membranous; sheaths unusually long, much 
broader than the blades, sometimes as much as 5 mm. across, smooth, pale and mem- 
branous. Panicle narrow, glabrous, 2-3 cm. long; branches few, short, erect. Spikelets 
6-15, 3-5 flowered, 6-7 mm. long, the lowest flower sessile at the base of the spikelet, 
the upper usually remote from one another. Empty glumes unequal, the lower half 
to two-thirds the length of the upper, glabrous, oblong, obtuse, 3-nerved. Flowering 
glumes ovate or broadly ovate-oblong, rounded at the back, not keeled, 5-nerved, 
glabrous or very faintly pubescent on the nerves, minutely 3-toothed at the tip or 
irregularly erose. Palea broad, 2-keeled, the keels ciliolate. Lodicules 2, acute. 


H. Hamilton remarks that this is a common coastal grass, found in crevices in 
bare rock or on the cliffs. Some of his specimens are plentifully mixed with Till@a 
moschata and Oolobanthus muscoides, both of them plants common in littoral situations. 
Seraps of Callitriche antarctica are also present. Its discovery adds another species 
to the list of those endemic in Macquarie Island, of which three species are now known 
—Deschampsia penicillata, Poa Hamiltoni, and Triodia macquariensis. 1 trust to show 
in this memoir that this fact is not without significance when the previous history of 
the florula is considered. 


Triodia macquariensis is a puzzling plant to place. It differs from Poa 
principally in the flowering glumes being rounded on the back, and minutely 3-toothed 
(or irregularly erose) at the tip. It agrees with Atropis in the flowering glumes being 
rounded on the back, but differs in habit and in the 3-toothed tip of the flowering 


glume. Although it is not a typical Triodva, it must be kept in the vicinity of the New 
Zealand T. australis. 


Poa routosa Hook. }. 


Poa joliosa Hook. f. Handb. N.Z. Fl. (1864), p. 338, excl. var. b.; Buch. N.Z. Grasses 
(1878), t. 42; Cheesem. Man. N.Z. Fl. (1906), p. 900; Petrie in Subantarct. Islands 
of N.Z. (1909), p. 476. Festuca foliosa Hook. f. Fl. Antarct. I (1844), p. 99, t. 55. 


Macquarie Island :—-Abundant throughout the island, from sea-level to a 
considerable height on the hills. Fraser; Scott (1880); A. Hamilton (1894); H. 
Hamilton (1912-1913). 


Poa foliosa is the most important constituent of the vegetation of Macquarie 
Tsland, and the one which affects its physiognomy to the greatest extent. How much 
this is the case, is evident from an inspection of the illustrations of Macquarie Island 
scenery given in Sir Douglas Mawson’s ““ Home of the Blizzard” (see particularly those 
opposite pages 166, 172 and 188 of vol. 2), while additional proof can be obtained from 
the published accounts of various visitors, as Dr. Scott, Mr. A. Hamilton and several 
members of the Mawson Expedition. Speaking generally, it can be said that low-lying 
and swampy situations near the coast are almost invariably covered with a more or less 
dense growth of this species, perched on tall stools or trunks several feet in height, 
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around which, according to A. Hamilton (see his paper in Trans. N.Z. Inst. XXVII, 
pp. 564-568), “is usually a muddy pool more or less deep, into every one of which you 
plunge with unerring certainty when trying to cross the belt of tussock-grass.” Later 
on he says: “ This noble grass forms huge tussocks, especially in the damper portions, 
where the drainage and the liquid manure from the penguin rookeries assist its growth. 
In such places one can walk between the columns with the plant waving far overhead.’ 


Poa joliosa also occupies no small part of the hillsides, as the following quotation 
from the “ Home of the Blizzard” will prove :—* The hillsides are deeply ravined, and 
the slopes covered with a dense growth of tussock, which renders progress uncertain 
and laborious” (vol. 2, p. 172). Dr. Scott also speaks of the “ long stretches of 
yellowish tussock, with occasional great patches of the bright green Stlbocarpa polaris, 
or of the peculiar sage green Plewrophyllum.” Further quotations could be given, but 
it is abundantly evident that it is the dominating plant of the island. 


Outside Macquarie Island, Poa foliosa is commonly found on all the other 
islands to the south of New Zealand proper. It is also a close relative of the Kerguelen 
Island P. Cookii and the Fuegian and Falkland Island P. flabellata Hook. f. (Dactylis 
cespitosa Forst.). 


Poa Hamitroni 7. Kirk. 


Poa Hamiltont 'T. Kirk in Trans. N.Z. Inst. X XVII (1894), p. 353; Cheesem. Man. N.Z. 
Fl. (1906), p. 1156; Petrie in Subantarct. Islands of N.Z. II (1909), p. 477. 


Macquarie Island :-—On rocks near the sea, usually fringing the Poa foliosa 
formation, A. Hamilton (1894); H. Hamilton (1912-1913). 


Perennial, densely tufted,1—5 dm. high. Culms shorter than the leaves, erect, stout, 
sometimes 5 cm. diam. below, compressed, leafy almost up to the base of the panicle. 
Leaves numerous, subdistichous, lower much reduced in size and sheathing 
the culm, gradually passing into the upper, which usually far overtop the panicle, 
4—7 mm. diam. at the base, from thence gradually tapering into a long acuminate point, 
flat, coriaceous, many-striate, smooth and glabrous, not scabrid ; ligules large, broad, 
ovate, membranous, deeply and irregularly laciniate; sheaths long, compressed, thin 
and rather membranous, regularly striate. Panicle linear-oblong or linear-obovate, 
sometimes almost clavate, dense and contracted, rarely sub-lobed towards the base, 
5-9 cm. long, 1:0 to 1:3 cm. broad, usually strict and erect; branches close set, rarely 
more than 2cm. long. Spikelets rather large, compressed, 5-7 mm. long, 2-4 flowered; 
lower flower almost sessile, upper pedicelled. Outer glumes unequal, but not 
remarkably so, ovate-lanceolate, acuminate, 3-nerved; flowering glumes lanceolate or 
ovate-lanceolate, acuminate or almost awned, incurved at the tip, keeled, 5-nerved, 
scabrid on the keel and nerves, shortly hairy on the sides towards the base, but not 
webbed. . Palea linear-oblong, bifid at the tip, ciliate on the margins and keels, about 
one-third shorter than the glume. Lodicules broad-ovate, acute. Anthers large, 
narrow-linear, 3 mm. long. 
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Kirk’s original description was evidently based on incomplete material, which 
apparently has been lost. As the species is endemic in Macquarie Island, and thus 
possesses considerable interest, I have prepared the above diagnosis, using the excellent 
specimens brought back by H. Hamilton. “As a species, P. Hamiltoni is best 
characterised by the short strict culms, the deeply laciniate ligule, and the short and 
narrow much-contracted panicle. Kirk states that its nearest allies are P. foliosa and 
P. anceps. \t doubtless belongs to the P. foliosa group; but it has little affinity with 
P. anceps, from which it differs in the mode of growth, in the leaves, and particularly in 
the deeply laciniate ligule, which is widely different from tlie truacate rim-like ligule of 
P. anceps, also in the acuminate and incurved flowering glumes, and the large anthers. 


Poa ANNUA Linn. 


Poa annua Linn. Sp. Plant. 68; Hook. f. Fl. Antarct. I (1844), p. 101; Cheesem. Man. 
N.Z. Fl. (1906), p. 1091, and Subantarct. Islands of N.Z. II (1909), p. 445. 


Macquarie Island :—Naturalized. Scott (1880); A. Hamilton (1894); H. Hamilton 
(1912-1913). 


Poa annua is one of those plants which penetrate into any locality capable of 
supporting phenogamic vegetation, however remote or inhospitable it may be. Sir 
J. D. Hooker, in the Flora Antarctica, states that when Ross’s expedition visited the 
Auckland Islands in 1840 it was “ abundant on the tomb of a French sailor, growing 
with Stellaria media, both undoubtedly introduced”; remarking, however, that “ it 
has not as yet spread far from the above locality.’ Since that time it has become 
abundant in all the subantarctic islands. It was first observed in Macquarie Island by 
Dr. Scott, who observed that it was found near one of the sealers huts. A, Hamilton, 
writing fourteen years later, states that it was naturalized, and doing well. He also 
adds that “it is interesting to see how the introduced Poa annua has taken possession 
of the highly-manured soil on the crown of the beach, and radiates from the settlements, 
together with some other introduced weeds.” H. Hamilton informed me that at the 
time of his visit it was plentiful near all the residences of the sealers. 


Festuca EREcTA D’ Urville. 


Festuca erecta D’ Urv. in Mem. Soe. Linn. Paris IV (1826), p. 601; Hook. f. Fl. Antarct. 
II (1847), p. 384. Festuca contracta T. Kirk in Trans. N.Z. Inst. XXVIT (1898), 


p- 353; Cheesem. Man. N.Z. FI. (1906), p. 919; Petrie in Subantare. Islands of N.Z. 
II (1909), p. 479. 


Macquarie Island :—Rocks near the sea. Scott (1880); A. Hamilton (1894); 
H. Hamilton (1912-1913). 


Perennial, densely tufted, 20-80 cm. high. Culms strict, erect, 2-noded or 
rarely 3-noded, the lowest node near the base, quite smooth and glabrous. Leaves 
usually overtopping the culms, narrow, strict, erect, quite glabrous; sheaths rather lax, 
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much broader than the blades, 4-7 mm. diam., pale, thin and membranous, striate; 
blades narrow, 2-3 mm. across, complicate and appearing almost terete, quite smooth, 
faintly 10-12 ribbed on the outside, the ribs much more prominent on the inner face, 
which is usually furnished with short stiff hairs; apex of leaf rigid and pungent. Panicle 
contracted, narrow, erect, 6-10 cm. long; rhachis angular, finely scabrid on the angles; 
branches solitary, or sometimes a very short one at the base, close together or the 
lower a little remote; lateral branches very short. Spikelets 10-12 mm. long including 
the awns, 2-3 flowered; two outer glumes unequal, lanceolate, acuminate, from three- 
fourths to four-fifths the length of the entire spikelet; lower faintly three-nerved, 
upper distinctly three-nerved. Flowering glumes lanceolate, rounded on the back, 
faintly scaberulous, rather thin, distinctly five-nerved, narrowed into a short stiff 
awn. Palea shorter than the glume, narrow lanceolate, scaberulous on the keel. Grain 
narrow-obovoid; hilum long, linear. 


Originally discovered in Macquarie Island by Dr. Scott. His specimens were 
much too immature for correct identification, but were provisionally referred to 
F. duriuscula, with which it has no affinity. In 1894 it was again collected by A. 
Hamilton, but the material which he brought back consisted only of two very 
indifferent examples. ‘These were described by T. Kirk as a new species under the 
name of Festuca contracta. Fortunately H. Hamilton was able to collect a fair number 
of specimens. From an examination of these it became evident that the plant was 
either very closely allied to the Fuegian and Kerguelen Festuca erecta D’Ury., or 
positively identical with it. There being no authenticated specimens of F. erecta in 
New Zealand, I applied to Dr. Stapf, of the Kew Herbarium, with the view of having 
a comparison made. This he has kindly done, with the result of proving that the 
Macquarie Island plant is identical with F. erecta. 


Three other plants—Ranunculus biternatus, Acena adscendens, and Azorella 
Selago—agree with Festuca erecta in being found in Fuegia, Kerguelen, and Macquarie 
Island, and in not extending to the New Zealand Subantarctic Islands. Their existence 
in Macquarie Island is a most remarkable fact, and can only be explained as an 
instance of comparatively recent migration through the agency of oceanic birds, 
carried before the continuous westerly winds. 


As no recent description of Festuca erecta has been published, I have prepared 
the preceding one for this memoir. 


FILICES. 


LOMARIA PENNA-MARINA T'rev. 


Lomaria penna-marina Trev. in Att. Inst. Ven. XIV (1869), p. 570; Cheesem. Sub- 
antarct. Islands of N.Z. II (1909), p. 489. Polypodium penna-marina Poir. Encycl. 
V (1804), p. 529. Stegania alpina R.Br. Prodr. (1810), p. 152. Lomaria alpina 
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Spreng. Syst. Veg. IV (1827), p. 62; Hook. f. Fl. Antarct. IT (1847), p. 393, t. 150, 
and Handb. N.Z. Fl. (1864), p. 368; Cheesem. Man. N.Z. Fl. (1864), p. 980. 
Blechnum alpinum Mett. Fil. Lips. (1856), p. 64. B. penna-marina Kuhn Fil. Afr. 
(1869), p. 92. 5 


Macquarie Island :—Scott (1880); A. Hamilton (1894); H. Hamilton (1912- 
1913). 


It is remarkable that although this species is abundant on Antipodes Island, 
and is evidently not uncommon on Macquarie Island, it has not yet been found on 
either Auckland or Campbell Island. This is all the more curious, from the fact that 
it occurs on almost all lands between lat. 35° S. and lat. 55° 8. It is common in New 
Zealand proper, except in the extreme north, and has an extensive range in extra- 
tropical Australia, while in South America it ranges southwards from Chili to Fuegia 
and Falkland Islands. In the circumpolar islands it has been recorded from Tristan 
d’Acunha, Amsterdam and St. Paul Islands, also from Kerguelen Island and the 
Crozets. 


The fine series of specimens gathered by H. Hamilton agree well with New 
Zealand examples. 


ASPIDIUM VESTITUM Swartz. 


Aspidium vestitum Swartz Syn. Fil. (1806), p. 538 and 234; Cheesem. Subantarct. 
Islands of N.Z. IL (1909), p. 441. Polypodium vestitum Forst. Prodr. (1786), 
n. 445. Polystichum vestitum Presl. Tent. Pterid. (1836), p. 63; Homb. and Jacq. 
Voy. au Péle Sud. Crypt. t. 4, fig. S. Polystichum venustum Homb. and Jacq. ex 
Hook. f. Fl. Antarct. I (1844), p. 106, and Voy. au Péle Sud (1853), t. 5, fig. N. 
Aspidium aculeatum Linn. var. vestitum Hook. f. Handb. N.Z. Fl. (1864), p. 375; 
Cheesem. Man. N.Z. Fl. (1906), p. 997. 


Macquarie Island :—Not uncommon. Fraser; Scott (1880); A. Hamilton (1894); 
H. Hamilton (1912-1913). 


Aspidium vestitum was one of the eight species sent from Macquarie Island 
to the Kew Herbarium by Mr. ©. Fraser, of the Sydney Botanic Gardens, more than 
eighty years ago. Itis noteworthy that this little collection was the first to reach Kurope 
from any of the New Zealand Subantarctic Islands. Since that time, it has been 
observed by every visitor to the Island who has interested himself in its vegetation, 
and is evidently plentiful in all suitable localities. It is also the most abundant fern 
of the New Zealand Outlying Islands generally. It is abundant in New Zealand 
proper, and is not rare in extra-tropical Australia and Tasmania. In South America 
it occurs on Juan Fernandez, Fuegia, and the Falkland Islands. So far it has not 
been observed in the South Georgia to Kerguelen group of islands. 
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POLYPODIUM AUSTRALE Mett. 


Polypodium australe Mett. Polyp. (1857), p- 36; Hook. f. Handb. N.Z. FI. (1864), 
p- 380; Cheesem. Man. N.Z. Fl. (1906), p. 1010, and Subantarct. Islands of N.Z. 
II (1909), p.442. Grammitis australis R.Br. Prodr. (1810), p- 146; Hook. f. FI. 
Antarct. I (1844), p. 111; Homb. and Jacq. Voy. au Péle Sud Crypt. (1853), t. 2, 
fig. G. Grammitis Billardieri Willd. Sp. Plant. V (1810), p. 139. G. rigida Homb. 
and Jacq., lc. t. 2, fig. F. G. humilis Homb. and Jacq., Le. t. 2, fig. H. 


Macquarie Island :—Not uncommon, ascending to the tops of the hills. Scott 
(1880); A. Hamilton (1894); H. Hamilton (1912-1913). 


Polypodium australe was first collected on Macquarie Island by Dr. Scott in 
1880. He remarks that “my specimens show an extremely alpine form.” It was 
gathered again by A. Hamilton in 1894, who also draws attention to its small size, 
~ about } inch long,” and further states that it was plentiful on the top of the convex 
masses of Azorella growing on the higher parts of the island. The more recent 
specimens obtained by H. Hamilton are also of small size. They evidently correspond 
with the Grammitis humilis of Hombron and J acquinot’s ““ Voyage au Pole Sud,” 
gathered on Auckland Island in 1840, when he also collected the much larger G. rigida, 
and the intermediate G. australis R. Brown. Sir J. D. Hooker, in the Flora Antarctica, 
reduced all three to G. australis, remarking “‘ That a copious suite of specimens, 
collected at different levels from the sea to an altitude of 1,400 feet, prove all the three 
species figured by MM. Hombron and Jacquinot to belong to states of one plant.” 
The same great difference also occurs in New Zealand, and Armstrong’s G. pumila is 
very near to, if not identical with the Macquarie Island plant. At the same time, I 
must confess that I am inclined to doubt the specific identity of the whole of the forms 
at present “lumped” under the name of Polypodium australe, or Grammitis australis, 
which appears to be the more fashionable title at the present time. 


Polypodium australe has a wide range. In addition to the whole of the islands 
to the south of New Zealand and New Zealand proper, it occurs in many parts of 
Australia and Tasmania, and is not uncommon in Fuegia and Falkland Islands. It 
has also been recorded from Kerguelen Island, Marion Island, and from Tristan 
d’ Acunha and Amsterdam Island. 


LYCOPODIACEAL. 


Lycopropium vartum R.Br. 


Lycopodium varium R.Br. Prodr. (1810), p. 165; Hook. f. Fl. Antarct. I (1844), p- 115, 
also Fl. Noy. Zel. II (1853), p. 52, and FI. Tasm. II (1860), p. 155, t. 170, and 
Handbk. N.Z. Fl. (1864), p. 389; Cheesem. Man. N.Z. FI. (1906), p. 1035, also 
Subantarct. Islands of N.Z. II (1909), p. 444. 


t 


Macquarie Island :—A. Hamilton (1894); H. Hamilton (1912-1914). 
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This species was added to the florula by A. Hamilton in 1894. He remarks 
(Trans. N.Z. Inst. XXVIII, p. 569) that ‘‘ The habit is like that of L. Selago, but denser; 
the leaves are much broader. Seedling plants growing amongst the stems have distant 
oblong leaves. Found on the hills immediately behind Lusitania Bay.” His speci- 
mens were submitted to the late Mr. Kirk, who identified them as “ ZL. Ballardieri 
Spreng. var. varium”—equivalent to L. varium R.Br. It was also collected by H. 
Hamilton, who states on the ticket accompanying his specimens, that they were 
“ Localised to a wind-swept plateau alt. 500 feet, near South-east Harbour.” They have 
the habit and appearance of L. Selago, from which they differ mainly in forming dense 
much-branched compact tufts, often with an even surface at the top. The leaves are 
larger, broader, and more coriaceous. As is often the case in L. Selago, numerous 
gemme occur among the leaves, and these often produce shoots sometimes 2-3 inches 
long, bearing distant ovate or oblong leaves. These shoots evidently answer to the 
“seedling plants” of A. Hamilton. The fructification is much more like that of 
L. Selago than that of the usual state of L. varium, for in most cases the sporangia are 
produced for a considerable distance down the branches in the axils of unaltered 
leaves, exactly as in L. Selago; but in two or three specimens the upper portion of the 
branches is slightly narrowed, and the leaves smaller, thus showing an approach to the 
spicate character of L. varium. But for these examples, I should have treated the 
plant as a form of L. Selago. | 


Sir J. D. Hooker has repeatedly drawn attention to the fact that L. variwm 
approaches very close to L. Selago on the one hand, and on the other appears to pass 
insensibly into L. Billardieri, thus “ blending the two divisions Selago and Phlegmaria.” 
His remarks, given in the Flora Antarctica and Flora of New Zealand, may be read 
with profit at the present time. In the Flora of Tasmania (vol. II, pp. 155-156) he 
again recurs to the matter, figuring five states of L. varium collected in Tasmania, which 
appear to gradually approach L. Selago. Although New Zealand botanists are well 
acquainted with varieties linking up L. variwm and L. Billardiert (see Kirk’s paper in 
Trans. N.Z. Inst., vol. XVI, p. 376), I am not aware that an approach to L. Selago so 
close as that shown by the Macquarie Island plant has been previously recorded from 
the New Zealand area. 


States of LZ. varium are not uncommon in mountainous districts in New Zealand 
and throughout the islands to the south. The species is also found in Victoria and 
Tasmania. True LZ. Selago has not yet been definitely recorded from any of the 
southern circumpolar islands; but the closely allied L. Saurwrus Lam. exists in the 
Falkland Islands, Kerguelen Island, Marion Island, and Tristan d’Acunha. It is 
quite possible that the Macquarie Island plant may be referable to it, but L. Saururus 
appears to have stouter stems, and larger and narrower leaves; so that I hesitate to 
unite the two without having an opportunity of comparing specimens of both. 
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V. AFFINITIES, HISTORY, AND ORIGIN OF THE FLORA. 


(In my memoir “ On the Systematic Botany of the Islands to the South of New 
Zealand” (Subantarctic Islands of New Zealand, vol. II, pp. 289 to 471), I have 
discussed at considerable length the character of the flora of the subantarctic islands 
to the south of New Zealand, including Macquarie Island. In that memoir, I have 
passed in review the whole of the vascular plants found in the area, examining their 
affinities, and tabulating their geographical range. I have also attempted to inquire 
into the possible origin of the flora, and to show how it has acquired its present com- 
position. Much that I have written therein is closely applicable to Macquarie Island, 
and should be perused by all students of this paper.) 


Macquarie Island occupies a peculiarly interesting position for the plant 
geographer. Situated rather more than 600 miles to the south-west of New Zealand, 
and approximately 920 miles to the south-east of Tasmania, it is the last outpost of 
Australasia in the direction of Antarctica, from the nearest point of which it is distant 
about 970 miles. Auckland Island and Campbell Island make the nearest approach 
to it, but they lie quite 400 miles to the north-east. Away to the eastward rolls the 
vast expanse of the South Pacific, with no trace of land until the extreme termination 
of South America is reached, a distance of quite 4,600 miles. Further still to the east- 
ward, and in precisely the same latitude as Macquarie Island, lies South Georgia, 
distant approximately 5,800 miles. And if we turn to the opposite direction, and 
travel westward from Macquarie Island, nothing but open ocean is seen until Kerguelen 
Island is reached, about 3,250 miles away. What is the nature of the vegetation that 
inhabits an island so far removed from any source of supply? A reply to this question 
will be afforded by the following list of the vascular flora, so far as it is known at 
present, accompanied by particulars as to the distribution of the species. 


Catalogue of the Vascular Plants found on Macquarie Island, showing their geographical 
distribution (naturalized plants excluded). 


1. Ranunculus biternatus Smith. Fuegia, Falkland Islands, South Georgia, Kerguelen 
Island, Marion and Crozet Islands, Amsterdam Island. A true circumpolar 


species. 
2. Cardamine corymbosa Hook. f. Auckland and Campbell Islands, Fuegia. 


3. Cardamine glacialis D.C., var. subcarnosa Schulz. Auckland and Campbell Islands. 
The typical plant is found in Chili, Fuegia, and the Falkland Islands. 


4. Stellarva decipiens Hook. f. Auckland and Campbell Islands. 
5. Colobanthus muscoides Hook, f, Auckland and Campbell Islands, 


10. 


ll. 


12. 


13. 


14. 


19. 


20. 
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. Colobanthus Billardieri Fenzl. Auckland and Campbell Islands, New Zealand, 


Australia and Tasmania. According to Dr. Skottsberg, the Australian plant is 
distinct, and the New Zealand one identical with the Fuegian and Falkland 
Islands C. crassifolius Hook. f. 


. Montia fontana Linn. Generally distributed throughout the north and south 


temperate zones. 


. Acena adscendens Vahl. Patagonia, Fuegia, Falkland Islands, Kerguelen Island, 


Crozets, South Georgia. 


. Acena Sanguisorbae Vahl, var. minor Hook.f. The variety is confined to the 


Auckland and Campbell Islands and Macquarie Island. The species is a circum- 
polar plant, and also occurs in Australia, Tasmania, and New Zealand proper. 


Tillea moschata D.C. A true circumpolar species, found in Chili and Fuegia, 
Falkland Islands, Kerguelen Island, Marion Island, Auckland and Campbell 
Islands, and New Zealand proper. 


Callitriche antarctica Kngelm. Another circumpolar plant. It is known from Fuegia 
and the Falkland Islands, Kerguelen Island, Marion and Heard Islands, South 
Georgia, and the New Zealand Subantarctic Islands. 


Epilobium linnwoides Hook. f. New Zealand, and the New Zealand Subantarctic 
Islands. 


Epilobium nummularifolium BR. Cunn., var. nerterioides Hook. f. A doubtful 
determination. If correct, it occurs also in the Auckland and Campbell Islands 
and throughout New Zealand. 


Azorella Selago Hook. f. Fuegia, Falkland Islands, Kerguelen Island, Marion and 
Crozet Islands. This must be classed as a circumpolar plant, notwithstanding its 
curious absence from the New Zealand Subantarctic Islands. 


. Stilbocarpa polaris A. Gray. New Zealand Subantarctic Islands. 


. Coprosma repens Hook. f. New Zealand Subantarctic Islands and New Zealand 


proper, Victoria, and ‘Tasmania. 


. Pleurophyllum Hookeri Buch. New Zealand Subantarctic Islands. 


. Cotula plumosa Hook. f. New Zealand Subantarctic Islands, Kerguelen Island, and 


the Crozets. Might also be included in the list of circumpolar plants, though it 
does not occur in South Georgia, Falkland Islands, or Fuegia. 


Juncus scheuchzerioides Gaud. New Zealand Subantarctic Islands, Fuegia, Falkland 
Islands, South Georgia, Kerguelen Island. 


Luzula campestris D.C., var. crinita Buchen. The variety is confined to the New 
Zealand Subantarctic Islands; the species is world wide. 


31. 


33. 


34 
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. Scirpus aucklandicus Boeck. New Zealand Subantarctic Islands, New Zealand 
proper, Tasmania, and reported from Amsterdam Island. 

. Uncinia riparia R.Br., var. Hookert Kuken. The variety confined to the New 
Zealand Subantarctic Islands and Macquarie Island; the species extends to New 
Zealand proper, Victoria, and Tasmania. 

. Carex trifida Cav. Almost a circumpolar plant, found in Fuegia, Falkland 
Islands, Auckland and Campbell Islands, and New Zealand proper. 

. Agrostis magellanica Lam. A. true circumpolar species, recorded from Chili, 
Fuegia, Falkland Islands, Kerguelen Island, Marion and Heard Islands, 
Subantarctic Islands of New Zealand, and New Zealand proper. 


. Deschampsia Chapmani Petrie. Subantarctic Islands and New Zealand. 
. Deschampsia penicillata T. Kirk. Endemic. 


. Triodia macquariensis Cheesem. n.sp. Endemic. 


. Poa foliosa Hook. f. New Zealand proper and its Subantarctic Islands. 


. Poa Hamiltont T. Kark. Endemic. 


. Festuca erecta D’Urv. Fuegia, Falkland Islands, South Georgia, Kerguelen 


Island. Not found in the New Zealand Subantarctic Islands, but otherwise a 
circumpolar species. 

Lomaria penna-marina Trey. <A circumpolar species. It is recorded from Chili, 
Juan Fernandez, Fuegia, Falkland Islands, Kerguelen Island, Crozets, Tristan 
qd Acunha, Amsterdam and St. Paul Islands, Antipodes Island, New Zealand, 
Tasmania, and extra-tropical Australia. 


2. Aspidium vestitum Swartz. New Zealand and its Subantarctic Islands, Tasmania 


and Australia, Fuegia and Juan Fernandez. 


Polypodium australe Mett. A circumpolar species. Fuegia, Falkland Islands, 
Kerguelen Island, Marion Island, Tristan d’Acunha and Amsterdam Island, New 
Zealand and its Subantarctic Islands, Australia and Tasmania. 


. Lycopodium varium R.Br. Subantarctic Islands of New Zealand, New Zealand 
proper, Victoria, and Tasmania. 


The following conclusions can be drawn from the above catalogue. First, that 


the thirty-four species inhabiting Macquarie Island include three endemic plants not 
known elsewhere—a very important fact. Secondly, of the remaining thirty-one, all 
but four are found in the New Zealand Subantarctic Islands. Eighteen extend to 
New Zealand proper, and eleven are found in no other country. The New Zealand 
" area 1s so much nearer to Macquarie Island than any other land that these figures are in 


no 


way surprising. On the contrary, the natural assumption is that the New Zealand 
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element in the flora would much surpass any other. But if the distribution of the 
thirty-one non-endemic plants of Macquarie Island be further examined, the remarkable 
fact appears that fifteen, or practically one-half, are also found in Fuegia or the South 
Georgia to Kerguelen groups of islands. In other words, they inhabit a ring or zone 
of widely separated lands surrounding the Antarctic Continent within the parallels 


45° S. to 60° S. I give a list of these “ circumpolar”’ species, as they are now often 
termed. 1 


Puants with a more or less circumpolar distribution found in Macquarie Island :— 


Ranunculus biternatus Smith. Juncus scheuchzerioides Gaud. 
Cardamine corymbosa Hook. f. Carex trifida Cav. 

Montia fontana Linn. Agrostis magellanica Lam. 
Acena adscendens Vahl. Festuca erecta D’ Urv. 

Tillea moschata D.C. Lomaria penna-marina Trev. 
Callitriche antarctica Engelm. Aspidium vestitum Swartz. 
Azorella Selago Hook. f. Polypodium australe Mett. 


Cotula plumosa Hook. f. 


The presence of these “ circumpolar” species on Macquarie Island would alone 
demand some explanation; but when we learn that they form as large a proportion of 
the non-endemic vegetation of Kerguelen and South Georgia as they do of Macquarie 
Island, notwithstanding the immense distance between the three localities, then it 
becomes evident that no inquiry into the origin and history of the Macquarie florula 
can be successfully carried out without dealing with the whole of the Subantarctic zone 
surrounding the Antarctic Continent, and that continent itself. In my memoir on 
the Subantarctic Islands of New Zealand, previously alluded to, I have treated at 
some length of this branch of the subject. I will therefore refer the reader to that 
publication for many minor details which it is unnecessary to mention here, confining 
myself to the elucidation of the proper subject of this memoir, and to the presentment 
of those facts, old and new, that are necessary to support the views advanced. 


If first of all we take the Antarctic Continent, at present almost entirely covered 
with an everlasting mantle of snow and ice, we find that two Fuegian plants, Coloban- 
thus crassifolius and Deschampsia antarctica, constitute the whole of the vascular 
vegetation. Neither of these is known from Macquarie Island, but as two species 
of both genera occur thereon, a certain amount of affinity is evident. 


But although the living flora of Antarctica has been reduced to such small 
dimensions as to be of little use in tracing the origin and connections of the subantarctic 
flora, it is quite different with respect to the fossil flora. In Graham Land and the 
adjacent islands, which collectively make the nearest approach to South America, 
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Dr. J. G. Andersson, of the Swedish Antarctic Expedition, was fortunate enough to 
discover two fossil floras—one of Jurassic age, containing many ferns and conifers; 
the other of late Cretaceous or Karly Tertiary date, comprising species of the well-known 
genera Sequoia, Araucaria, Knightia, Drimys, Fagus, and many others. As I have 
elsewhere remarked, the importance of this discovery can hardly be overestimated, 
and further exploration will probably throw a flood of light on the composition of the 
former vegetation of the Antarctic Continent, and give great aid in working out the 
origin of southern floras generally. Dr. Skottsberg, in his excellent paper on the 
“ Relations between the Floras of Subantarctic America and New Zealand” (Plant 
World, vol. 18 (1915), pp. 129 to 142), speaking of Andergson’s discoveries, says : 
“ With these facts at hand, it becomes evident that there existed an Antarctic Tertiary 
Flora bearing resemblances to the present floras of Subantarctic America, New Zealand 
and Australia, and that the Antarctic Continent may have been a centre from which 
animals and plants wandered north.’ Further discussion on this point, however, is 
better deferred until we can consider the relationship between the vegetation of the 
southern portion of South America, the Subantarctic Islands, and the Antarctic 
Continent. 


Let us first turn to the Subantarctic zone. This is most conveniently divided 
into the following sectors :—1. South Georgia. 2. Kerguelen, including the Crozets, 
Marion and Prince Edward Islands, and Heard Island. 3. Macquarie Island. 4. The 
New Zealand Subantarctic Islands, comprising Auckland,.Campbell, and Antipodes 
[slands. 5. Fuegia and the Falkland Islands. 


South Georgia lies about 1,000 miles to the eastward of Cape Horn, and about 
750 miles from the nearest portion of the Antarctic Continent. It is of considerable 
size, being ninety-five miles in length, by twenty miles in greatest breadth, but is little 
more than a high mountain range, several of the summits of which exceed 6,000 feet. 
There are extensive snowfields in the interior, and glaciers discharge into all the fiords. 
Evidences of extreme recent glaciation are everywhere conspicuous, and geologists are 
agreed in believing that within a recent period the whole island has been covered with 
a continuous ice-sheet. As will be seen from the meteorological tables given in a 
previous portion of this memoir, the climate is cold, wet and stormy. The mean 
temperature for the year (34-5°) is six degrees lower than that (40-7°) of Macquarie 
Island, and the mean temperature of the winter months (29-8°) is quite nine degrees 
below. Under such conditions, a numerous flora cannot be expected, and it is not 
surprising that although the island has several times been botanically explored, only 
eighteen vascular plants have been detected. 


The flora of South Georgia is thus not much more than half as extensive as that 
of Macquarie Island, which includes thirty-four species. Further than that, Macquarie 
Island has three endemic plants, whereas it can hardly be said that South Georgia 
has one. It is true that Bitter, in his monograph of Acana, has described a sub-species 
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of A. adscendens as peculiar to the island, but its differences from the type are very 
slight. Comparing the distribution of the non-endemic plants of Macquarie Island 
with the South Georgian flora, a remarkable parallelism appears. The thirty-one non- 
endemic plants, with four exceptions, extend to the New Zealand Subantarctic Islands, 
which constitute the nearest land, but no less than fifteen reach Fuegia and the South 
Georgia and Kerguelen groups of islands. Similarly, the eighteen species inhabiting South 
Georgia, with one exception, are all found in Fuegia, which is the nearest land with a 
well-developed vascular vegetation. Further, no less than thirteen out of the eighteen 
occur in some parts of the Kerguelen, Macquarie, and New Zealand group of Islands. 
The one fact that underlies the peculiarities of the South Georgian flora, is that it is 
essentially Fuegian in its origin, and of comparatively modern date. For it cannot be 
doubted that the ice-sheet which, not so long ago, overspread the whole island, must 
have blotted out the pre-glacial vegetation, with the exception of a few cryptogams, and 
that the present vegetation must be looked upon as being composed of immigrants 
from Fuegia, of which all are true natives. 


Before leaving South Georgia, another important fact should be mentioned. 
It stands about half way along a broad and comparatively shallow bank which curves 
eastwards from Cape Horn and the Balkland Islands and then turns sharply to the west, 
successively reaching the South Orkneys, the South Shetlands and Graham Land. On — 
no part of this bank does the depth of the ocean much exceed 1,000 fathoms, and in 
some places it is much less. If a land communication ever existed between South 


America and the Antarctic Continent, this submarine bank probably indicates its 
course. 


Travelling eastwards from South Georgia, we next arrive at three groups of 
islands which we shall collectively include under the name of the Kerguelen Islands. 
The most westerly group comprises Marion Island and Prince Edward Island, approxi: 
mately 4,250 miles from Cape Horn. Marion Island, which is the larger of the two, 
is about ten miles in diameter and attains a height of 4,250 feet. Quite 450 miles to 
the eastwards lies the Crozets, of which there are three principal islands, the largest 
being Possession Island, which is eighteen miles in length by half the width. Finally, 
and approximately 750 miles still further to the east, comes Kerguelen Island, which 
much exceeds the others in size. It has an extreme length of eighty-five miles and 
a greatest breadth of seventy-nine; but its coast-line is so much indented by deep bays 
or fiords that its total area does not exceed 2,000 square miles. The interior is rugged 
and mountainous, many peaks reaching heights between 5,000 and 6,000 feet. There 
are snowfields of considerable size, from which small glaciers radiate in different 
directions. Signs of recent glaciation are everywhere plentiful; and there can be little 
doubt that at no very distant period the whole island was covered with a continuous 
ice-sheet. Its present climate is cold, wet, and tempestuous. Nevertheless, the range 
of temperature is not excessive, the thermometer at sea-level seldom falling much 
below 30° F’. in winter, or rising much above 60° in summer. 
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Immediately surrounding each of the three groups is an area of small size over 
which the depth of the ocean varies from 500 to 1,000 fathoms. This may point to a 
previous period of elevation, during which the islands would be much larger and possibly 
may have been united. But eastwards and westwards of this and as far south as the 
ice-barrier of the Antarctic Continent, the ocean is immensely deep. For the greater 
part of the distance between Kerguelen and South Georgia it exceeds 3,000 fathoms. 
With an abyss so great to fill, a recent land connection with the Antarctic Continent 
in this sector appears to be wildly improbable. 


The flora of the Kerguelen group is poor and scanty, only thirty species of 
vascular plants having been recorded. But in sharp contrast with that of South 
Georgia, it includes no less than six endemic species. ‘Two of these, Pringlea and Lyallia, 
are monotypic genera of remarkable distinctness, with no near allies. Their existence 
seems to prove that the ice-sheet which in South Georgia blotted out all pre-glacial 
vegetation, in Kerguelen left a vestige behind, from which a faint idea may be drawn 
of an older and more extensive flora—now vanished for ever. As for the twenty-four 
non-endemic species, with one exception (Cotula plumosa), which has probably travelled 
from the New Zealand Subantarctic Islands, they are all natives of Fuegia, and most of 
them are found in South Georgia as well. The affinities of the flora are thus unmistak- 
ably Fuegian; but nevertheless eighteen of the species are circumpolar, twelve of them 
being found in Macquarie Island as well. 


Still travelling to the eastward, a journey of about 3,250 miles brings us to 
Macquarie Island, the subject of this memoir. I have already given particulars of its 
position, size, and physical features, and I have mentioned the pertinent fact that it 
has been recently overridden by an ice-sheet travelling from west to east. I have also 
given full particulars of the existing flora, together with the geographical range of the 
species. Attention has also been drawn to the fact that the ocean surrounding the 
island is everywhere of great depth, and that it is not until the close neighbourhood 
of the Antarctic Continent is reached that shallower water is met with. It is quite 
clear that Macquarie Island, in its physical features and climate, its situation in the 
middle of an immensely deep ocean, and its poor and scanty flora, has many points of 
agreement with South Georgia and the Kerguelen group. 


The extraordinarily scanty flora of the South Georgia—Kerguelen—Macquarie 
areas demands a passing notice. Many years ago, Sir J. D. Hooker said, “‘ The three 
small archipelagos of Kerguelen Island (including the Heard Islands), Marion and 
Prince Edward’s Islands, and the Crozets, are individually and collectively the most 
barren tracts on the globe, whether in their own latitude or in any higher one, except 
such as lie within the Antarctic circle itself, for no land, even within the North Polar 
area, presents so impoverished a vegetation.” (Phil. Trans. Roy. Soc., vol. 168, p. 10). 
This vivid statement has since been proved to be just as true of South Georgia and 
Macquarie as of Kerguelen. Yet these three areas all lie within the parallels of 
54° 30'S. and 46° 30’S., roughly corresponding to the north of England and the centre 
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of France. In Norway, beyond the Arctic circle, pine forests and cultivated farms 
exist. Spitzbergen, which extends as far north as lat. 80°, possesses 120 vascular 
plants, and botanists estimate that not less than 400 species are found within the 


arctic circle. Why should there be this extraordinary difference between the northern 
and southern floras ? 


No doubt the explanation is mainly climatic. But the winter temperatures 
of the subantarctic zone are certainly not excessive, and in most localities are milder 
than those obtaining in similar latitudes in the northern hemisphere. Professor 
Rudmose Brown (Problems of Antarctic Plant Life, p. 5) is probably right in 
concluding that the short and inadequate summer, with its comparatively low 
temperatures, is the most powerful reason. It does not provide a sufficiently long 
season of growth to enable most plants to reach their flowering stage, or to mature 
their fruit. In Macquarie Island the mean temperature of the three summer months 
is as low as 43-9°, and only exceeds the mean of the three winter months by 5:3°. But 
I have already pointed out that the small yearly range of temperature is one of the 
peculiarities of the climate of the subantarctic zone. The almost continuous westerly 
gales must also exercise an adverse influence on plant-growth, especially on Macquarie 
Island, where the statistics obtained by the Mawson Expedition have proved that the 
force of the wind considerably exceeds that recorded in South Georgia and Kerguelen. 
Professor Rudmose Brown has also drawn attention to another factor inimical to 
vegetation in “the myriads of penguins which occupy almost every bare spot of 
ground during the nesting and breeding season,’ and which must have a great effect 
in preventing the establishment of vegetation, or in destroying it when established. 
But although the reasons given above must have a powerful effect, they do not seem 
to be altogether sufficient, and I must agree with Dr. Skottsberg in considering the 
paucity of phanerogams in South Georgia (to which I would add Kerguelen and 
Macquarie Island) as altogether inexplicable. 


A little less than 400 miles north-east of Macquarie Island lies Auckland Island, 
the chief of the New Zealand outlying islands. Campbell Island, the next in size, is a 
trifle more remote, and more to the east. Antipodes Island is situated about 400 
miles east-north-east of Campbell Island, while the Snares, the only other island that 
supports a phanerogamic vegetation, is not far from half-way between Stewart Island 
and Auckland Island As the physical features, climate and vegetation have all been 
fully described in my recent memoir on the Subantarctic Islands of New Zealand, | 
propose to give a very brief account here. 


The first point to emphasise is that instead of rising from an ocean with an 
average depth of more than 2,000 fathoms, which is the case with the South Georgia— 
Kerguelen—Macquarie Islands, the New Zealand Subantarctic Islands stand upon a 
shallow plateau extending without a break to Stewart Island and far to the eastward 
of the South Island of New Zealand. In a straight line between Stewart Island and 
Auckland Island the depth is nowhere more than 400 fathoms, and in some places 
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much less. This submarine plateau stretches for some little distance to the east of the 
Chatham Islands, or more than 500 miles from New Zealand, before water with a 
greater depth than 1,000 fathoms is obtained. It then sinks rapidly until depths of 
over 2,500 fathoms are reached. Going south from Auckland Island, and within 
100 miles of it, a depth of 2,430 fathoms was recorded by the ‘“ Aurora.” These 
sudden dips from comparatively shallow water into the enormous depths which surround 
the greater part of New Zealand may be reasonably taken as evidence of a “ continental 
shelf,” indicating the former boundary of a “ Greater New Zealand” in the far remote 


past. 


The extent to which the New Zealand Subantarctic Islands have been glaciated 
in recent times has not been definitely settled, although there can be no doubt that 
they have been subjected to a moderately severe glaciation, but probably not sufficient 
to produce a continuous ice-sheet, although quite ample to cause great climatic and 
biologic changes. 


The present climate can be best described as cold, windy, foggy or cloudy, and 
rainy. Like all portions of the subantarctic zone, it is mainly remarkable for the small 
diurnal and annual variation. In Macquarie Island the mean temperature for the 
year can be given as 40-7°, and the mean range between summer and winter as 5:3°. 
In Campbell Island the mean temperature is 44:5°, and the mean range between 
summer and winter 10-0°, while the rainfall is 53-8 inches. 


As might be predicted from the more northerly latitude and less severe climate, 
the flora of the New Zealand Subantarctic Islands is much more copious than that of 
the islands previously treated of. The total number of species recorded is 194, of which 
53 are endemic. Tor the first time we see a true ligneous vegetation. Many orchids 
appear, as also representatives of the genera Veronica, Myosotis, Gentiana, and others. 
The endemic species are greatly increased in number, and what is still more important, 
include genera or groups of a distinctive character, which can only be looked 
upon as ancient and long-isolated types. Elsewhere I have shown that the flora 
contains three main elements, which may be particularised as follows :—First, an 
_ endemic element, consisting of two parts, one comprising plants like Stdbocarpa, 
Pleurophyllum, the Ionopsis section of Celmisia, &c., which are probably the remnants 
of an ancient flora, which ages ago occupied the islands; the other consisting of species 
closely allied to plants at present living in New Zealand. Second, an element which 
includes the greater part of the flora, and which is composed of species at present 
living in New Zealand proper, and which must be looked upon as immigrants of recent 
date. Third, a Fuegian element, also consisting of two parts, one much older than 
the other, and composed of such genera as Colobanthus, Abrotanella, Phyllachne, 
Rostkovia, &c., the other including plants living in both countries at the present time, 
as Oardamine glacialis, Callitriche antarctica, Tillea moschata, Nertera depressa, Carex 
trifida, &e, 
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We thius find that even in the New Zealand Subantarctic Islands, separated 
from Fuegia by quite 4,500 miles of trackless ocean, there still exists a Fuegian element 
in the flora. Further inquiry shows that there are twenty-nine species that are found 
in both localities. But as this deals solely with specific identity, it does not fully repre- 
sent the affinity between the vegetation of the two countries. I have elsewhere stated 
that out of eighty-eight genera found in the southern islands of New Zealand, no less 
than fifty-six have representatives in Fuegia. 


A few words may now be said on the flora of the southern portion of South 
America, including Fuegia, Falkland Islands, and South America as far north as 
lat. 45°. This area contains a moderately rich flora of certainly not less than 750 
species. I have already pointed out that twenty-nine of these extend to the outlying 
islands of New Zealand, and that fifty-six Fuegian genera have representatives in the 
same locality. Nevertheless, there are important differences between the flora of Fuegia 
and that of New Zealand. Quoting from my previous memoir, the Fuegian flora 
“ contains thirteen families of plants not found in that country, and twice that number 
represented in New Zealand do not occur in Fuegia proper. This alone would give a 
different aspect to the two floras, but there are many other divergences of a marked 
character. For instance, the Composite constitute the largest family in Fuegia, exactly 
as in New Zealand, but the genera are almost altogether different; out of twenty-four 
found in Fuegia, only six occur in New Zealand, not one of them, with the exception of 
Senecio, forming a noteworthy feature in the vegetation. Olearia, Celmisia, Raoulia, 
and Cassinia are all entirely absent. The arborescent Composite, so conspicuous a 
feature in the New Zealand flora, even as far south as the Auckland Islands, are 
unknown in Fuegia. Similarly, the arborescent Rubiacew (Coprosma), everywhere 
present in the New Zealand area, are conspicuous by their absence in Fuegia. Veronica, 
with its eighty-four species in New Zealand, has only three or four in Fuegia. Only 
five orchids occur, against fifty-seven recorded from New Zealand. On the other hand, 
there are several remarkable points of agreement. Perhaps the most striking is the 
presence, almost as far south as Cape Horn, of forests mainly composed of small leaved 
beeches (Fagus) exactly as in the south of New Zealand, the species, it is true, being 
different in the two countries. And on the open mountain tops, above the level of the 
beech forest, we find, mixed with northern types, respresentatives of the genera 
Colobanthus, Acana, Azorella, Nertera, Abrotanella, Phyllachne, Astelia, Rostkovia, 
Gaimardia, and Oreobolus—all characteristic of the mountain flora of New Zealand, 
and all extending as far south as the Auckland Islands. But in this case, although 
the genera are identical, the species are in most cases different.” 


So far in this memoir, whenever plants have been mentioned that are generally 
distributed in the subantarctic zone, they have, as a matter of convenience, been 
treated as of Fuegian origin. In one case, that of Cotula plumosa, which is found in 
Kerguelen, Macquarie Island, and the New Zealand outlying islands, but not in Fuegia, 
I have suggested that it has origmated on the New Zealand side of the zone, but has 
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_ failed to complete the circuit. Similarly, in a previous paper, I have drawn attention 
to Veronica elliptica, which, though found in Fuegia, is evidently a stranger therein, 
far removed from its immediate allies in New Zealand. I have also specified the case 
of Sophora tetraptera as having been probably carried from New Zealand to Chili and 
Juan Fernandez. Obviously, all those species which girdle the globe along the sub- 
antarctic zone require close analysis before we can safely state their probable origin. 


This branch of the subject, until lately much neglected, has been briefly discussed 
by Dr. Skottsberg in his paper on the “ Relations between the Floras of Subantarctic 
America and New Zealand,” already quoted from in this memoir. He says (p. 188), 
“We know, just as we did before, that, judging from the actual distribution of plants, 
there is an Australian and New Zealandic element in Andine and Subantarctic 
America, that there is an Andine element in New Zealand and Australia, and that 
there remain genera, or even orders, which are virtually bicentric, and form what 
one might call the old Antarctic element.” Dr. Skottsberg gives examples of these 
groups, a few of which I will quote here. First, as representing the New Zealand and 
Australian element, the following genera :—Dacrydium, Astelia, Lomatia, Drimys, 
Aristotelia, Drapetes, Pseudopanax, Veronica (section Hebe), Myosotis, and others. 
Secondly, as illustrating the Andine element, Ourisia, Calceolaria, Pernettya, Oreomyrrhis, 
Azorella, Fuchsia, Discaria, Enargea, &c. Thirdly, he specifies the following as 
bicentric or Antarctic :-—Oreobolus, Carpha, Uncinia, Gaimardia, Rostkovia, Lnbertia, 
Nothofagus, Laurelia, Muhlenbeckia, Colobanthus, Gunnera, Donatia, and others. 
Without subscribing to every one of the details of arrangement given above, we can 
readily admit that Dr. Skottsberg has supplied us with valuable and pregnant ideas 
concerning the relationships between the floras of South America, New Zealand, and 
Australia. 


Having examined the main features of the vegetation of the various land areas 
of the subantarctic zone, and having compared the vegetation of each area with that 
of the rest, we can proceed to enquire what conclusions can be derived from the 
accumulated facts. I think it can be safely said that during Tertiary times there have 
been only two directions in which the vegetation of the rest of the world can have 
approached the Subantarctic Zone and Antarctica itself, or along which an interchange 
of species could have taken place—the direction of New Zealand (possibly with 
Tasmania as well), and that of South America. 


In New Zealand we have a country stretching from S. lat. 34° to 8. lat. 47° and 
possessing a rich and varied flora, evidently of ancient date, but obviously with 
Australian, Pacific, and Malayan alliances. An Andine and Fuegian affinity, on a 
smaller scale, is also sufficiently evident. Extending southwards from New Zealand is 
a broad submarine plateau, on the southern edge of which the New Zealand Sub- 
antarctic Islands stand. These possess a vegetation mainly allied to that of New 
Zealand, but with a decidedly greater Fuegian affinity. There are many reasons for 
supposing that during Harly Tertiary times a period of elevation existed, during which 
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the New Zealand Subantarctic Islands were joined to the mainland of New Zealand, 
thus forming, with other extensions, a “ Greater New Zealand” many times larger 
than its present size. If at the same time there was a northward extension of Antarctica, 
and a similar southern prolongation of the New Zealand area, the distance which at 
present separates Antarctica and the New Zealand Subantarctic Islands might be 
reduced to a space considerably smaller than what is known to have been crossed by 
plants and animals in other parts of the world. 


But in South America we can find a direction along which it is possible to 
reconstruct a land connection with Antarctica without involving enormous geographical 
changes for which there is little or no geological or physical support. I have pre- 
viously shown that curving round by way of the Falkland Islands and South Georgia 
there is a comparatively shallow bank which connects the northernmost extremity 
of Antarctica with South America, and on which, for the greater part of the distance, 
the depth of the ocean does not much exceed 1,000 fathoms. For long stretches it is 
even much less, for South Georgia, the Sandwich Group, and the South Orkneys, all 
stand on this bank, and are each surrounded by considerable areas of shallow water. 
Along this line, I believe that in Oligocene times, or thereabouts, Antarctica and 
Fuegia were either connected by a continuous land-bridge, which seems the most 
probable, or by a chain of closely-placed islands of considerable size. 


Under this view, we distinctly connect the fossil tertiary flora discovered by 
Dr. Andersson in Graham Land with the progenitors of the present flora, and at once 
account for their resemblances. We may, too, have a dim vision of an Antarctica 
largely free from ice and snow, and supporting a numerous flora extending right and 
left along the shores of the whole continent. We may imagine a regular interchange 
of species between Antarctica and Fuegia. And, although I consider it improbable 
that New Zealand and Antarctica have ever been directly connected during Tertiary 
times, they may, as I have previously suggested, approached near enough to admit of the 
passage of species from one to the other. We may suppose that the American element 
in the New Zealand flora—Fuchsia, Calceolaria, Gunnera, Oreomyrrhis, Azorella, Caltha, 
Pernettya, Enargea, &c., after travelling from Fuegia to Antarctica, and then along its 
coasts, may have crossed to New Zealand. And, is it not possible that genera like 
Dacrydium, Drimys, Drapetes, Astelia, and many others, all of which are much better 
represented in New Zealand than in America, may have travelled in the reverse 
direction? Such a hypothesis seems to me to be the only way to account for the 
presence of a New Zealand element in the South American flora, and a South American 
element in New Zealand. Direct communication across the Pacific by means of a 
huge land-bridge I regard as altogether chimerical, and without sufficient geological or 
physical support. 


It must be borne in mind that in the above speculations we are dealing with times 
far removed from the present, and most probably separated from it by the greater part 
of the Tertiary period. Those plant-migrations of a distant past that were responsible 
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for building up the connections between the New Zealand and the South American 
floras must have endured for long periods of geological time; and we do not know how 
far they were aided or hindered by oscillations of climate, or changes in the relative 
level of land and sea. The duration of what may be called the active or colonising period 
of the Antarctic fauna and flora will remain hidden from us until the study of the 
geological record in Antarctica discloses new facts and new ideas. But we do know that, 
sooner or later, a change arrived and a gradual refrigeration of the whole of Antarctica 
took place. During this, the once luxuriant vascular flora slowly perished, or was driven 
northwards; the remnants, with two exceptions, being buried under a perennial ice- 
sheet. What lapse of time was occupied by this refrigeration it is impossible to say; 
nor is there any evidence to show whether it was subject to oscillation, further than it 
is well established that the ice-sheet had a greater development some little time further 
back than it has at present. 


If it be asked what effect antarctic refrigeration has had upon the land areas 
to the north, the reply is that it is known that the whole of the subantarctic zone, 
including the southern portions of New Zealand and South America, everywhere presents 
proof of a parallel refrigeration. This, at the time of its greatest extent, doubtless 
_ caused much extinction of species, many changes in the composition of the vegetation, 
and probably induced many migrations. The islands of South Georgia, Kerguelen, 
and Macquarie constitute that part of the subantarctic zone that has suffered most 
from Antarctic refrigeration. In the case of South Georgia, most authorities consider 
that the vascular vegetation was entirely destroyed. Dr. Skottsberg explicitly says 
* It seems hardly possible that the higher flora survived the glacial epoch.’ Schimper 
and Schenk argue with great strength and probability that it was entirely destroyed, 
to be replaced, later on, through the agency of pelagic birds. With regard to the 
Kerguelen Group and Macquarie Island, I have already pointed out that they agree 
with South Georgia in their scanty flora, but differ in possessing a few endemic species. 
Here, too, the balance of what evidence we possess is in favour of the belief that the 
whole flora perished, except the endemic species and possibly a few others, of which 
Azorella Selago appears to be the most likely to have survived. 


At the close of the glacial epoch, then, the position in the subantarctic zone 
may be shortly stated as follows -—Macquarie Island had lost its vascular flora except 
two or three grasses; Kerguelen had been almost as badly treated; while in South 
Georgia the whole of the higher flora had perished. When, therefore, a milder climate 
prevailed and the islands became once more capable of supporting a vascular flora, 
only two sources of supply remained—one from Fuegia ; the other from the New 
Zealand area. I have already shown that South Georgia, situated at no great distance 
from Cape Horn, and the Kerguelen Group, both favourably placed in the line of the 
constant westerly winds, have received almost the whole of their flora from Fuegia. 
Macquarie Island, on the other hand, is so much nearer to the New Zealand Subantarctic 
Islands that it was naturally stocked from thence. 


THE VASCULAR FLORA OF MACQUARIE ISLAND.—CHEESEMAN. 55 


As for the mode in which the islands were repopulated, I agree with Schimper 
and Schenk in considering that it was mainly effected through the agency of birds, 
carried before the prevailing westerly winds. On this point, Professor Rudmose Brown 
very aptly says (Problems of Antarctic Plant Life, p. 6), ““ Almost everywhere that 
snow-free land occurs on the coast of Antarctica in summer, innumerable birds find 
nesting places, and these are the places where or near most of the vegetation occurs.” 
It is possible that wind-transport may also be more efficient than I previously supposed, 
judging from the discovery made by Dr. F. E. Fritsch of pollen-grains of Podocarpus 
among patches of red-snow on the South Orkneys. As Professor Rudmose Brown 
states, these pollen-grains can only have come from South America. But if such can be 
carried, surely the seeds of phanerogams may also be conveyed. 


In conclusion, it is evident that the present flora of Macquarie Island, excepting 
only the three endemic grasses, does not date further back than the close of the last 
glacial epoch. Since then, in agreement with the other islands of the subantarctic 
zone, its history has been a history of plant-migration, mainly from the New Zealand 
outlying islands, but in some cases from the far-distant Kerguelen Group—as, for 
instance, Ranunculus biternatus, Acena adscendens, Azorella Selago, and Festuca erecta. 
But if Macquarie Island existed in Karly Tertiary times, when we know that Antarctica 
was peopled with a rich and luxuriant flora, and when in all probability geographical 
and climatic considerations co-operated in facilitating intercourse between Antarctica ” 
and the New Zealand area, then its position would be of the utmost consequence. It 
would occupy an important stage in a chain of plant migrations that might have 
extended from Chili to Antarctica and from Antarctica to the north of New Zealand— 


a chain that has left traces still visible in the floras of both New Zealand and South 
America. 
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BACTERIOLOGICAL AND OTHER RESEARCHES. 


By ArcuiBaLD Lang McLean, B.A., M.D., Ch.M. (M.C.), Surgeon and Bacteriologist. 


With Eleven Plates and Thirteen Text-figures. 


INTRODUCTION. 


THE object of the Australasian Antarctic Expedition (1911-1914) was to explore and 
to prosecute scientific investigations over a tract of 2,000 miles of coast line contained 
within the Australian Quadrant of Antarctica (between 90° and 180° east longitude). 
‘This area of the continent of Antarctica lies to the south of Australia and New Zealand. 
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A Map of the Antarctie Regions as known at the present day. 


Moreover, it was fitting that an expedition composed of men of the Commonwealth 
and Dominion should have attempted to define its geographical contours, especially 
as these had, up to the year 1911, only been vaguely indicated. Two navigators, 
Dumont D’Urville and Charles Wilkes, in the year 1840, proved the existence of 
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undoubted landfalls in isolated localities, but no one had actually wintered on the 
mainland nor had made any exhaustive scientific enquiries between Cape Adare on 
the east and Gaussberg to the west. With such an outlook, it may be understood 
that the scientific aims of the Australasian Expedition were directed so as to be as 
wide and embracing as possible. 


Bacteriology was to be my special department, and the task of obtaining various 
suggestions as to lines of work and securing suitable apparatus was compressed into 
two short months towards the end of 1911. 


The field was one in which four previous bacteriologists had carried out 
important researches, to whose records I had access only in one instance, owing to 
the exigencies of time. In any case, a great deal had been accomplished, but in this 
new sphere of Antarctic land every fresh observation was of value, in so far as it 
constituted an addition to the sum of scientific knowledge. 


Specific suggestions were not wanting. Each day new ideas were discussed, 
and the programme increased in size until it became difficult to select what would be 
most practicable and fertile in result. Antarctica was, so to speak, another world, 
the peculiar conditions of which were worthy of study in the records of exploration. 
The tools for the task were to.be suited to the environment. Presumably the South 
was germ-free, but the intestines of antarctic animals must have some kind of a 
bacterial flora. The birds and seals were possessed of scientific interest, even for a 
student in medicine. The healthiness of the explorer’s life was proverbial—should 
not one be in a position to study physiology, immunity and psychology under unique 
circumstances? Such were some of the general queries, and the actual practice has 
narrowed down to the chapters which follow. 


The equipment I took to Adelie Land was multifarious in detail, on the 
assumption that it is better to overstock than to fail in an important observation 
through the lack of some simple instrument or chemical. There was the problem of 
space, of course, and it was a vital one on our small exploring ship, laden with 
provisions for thirty-two men over a period of two years, four hundred tons of coal, 
sledges, the timber of four huts, two wireless plants, an aeroplane, a motor-boat, 
sledging dogs, scientific instruments, and a great miscellany of articles either lashed 
on deck or stored below. Such a recital will bring home the essentially practical side 
of exploration. 


It was useless to attempt any bacteriological work on the passage to Adelie 
Land amidst the impedimenta which filled the cabins and overflowed on to the decks; 
a disadvantage which I felt on arriving at Macquarie Island, with its wonderful fauna 
and diverse soil characters. The first necessity was to establish our bases at various 
points, making the random notes or collections which time permitted. 
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In Adelie Land a hut was built in a few weeks, and here, after a time, I was able 
gradually to unpack my boxes dumped with the cargo on to the ice-foot; afterwards 
to find space for some of their contents in the dwelling which formed our Main Base 
in Antarctica for a period of two years. 


The heat for the incubator was supplied by a kerosene lamp. The ether 
capsule and lever regulators worked well, so that it was possible to grow cultures either 
at 18° to 20° C., or at 37° C. It would have been a great advantage to have had two — 

incubators for this purpose; especially during the final relief cruise of the “ Aurora,” 
when cultures from animals were grown with others from soil, marine mud, and ice. 
As the latter were grown at 18° to 20° C., many of the former either did not develop or 
soon ceased to grow. The rolling of the ship during gales and blizzards—as well ag the 
occasional extremities of cold—made it difficult to keep the incubator at a uniform 
temperature. 


' Bacteriological Laboratory in the Latte at Adelie Land. 


A large stock of culture media—gelatine, nutrient agar, serum. agar and glucose 
agar—were carried in tins, each containing one gross of tubes. It would have been 
possible to manufacture media on the spot—and for this purpose the necessary materials 
were taken—but subsequently it appeared that the Hut was infested by the spores of 
moulds which would doubtless have infected the culture tubes. ven though the media 
became frozen soon after the ship had entered the pack-ice, two tins were found, after 
a few months in the Hut, to have become contaminated, and were discarded, rendering 
it necessary, in using a doubtful tube, to incubate it beforehand for a period of twenty- 
four or forty-eight hours. Dr. Hkeléf, of the Swedish Expedition (1901-1903), and 
Dr. Pirie, of the Scottish Expedition (1902-1904), record similar experiences. 


Again, the gelatine media, after being frozen, were found to split’ and crack 
after inoculation by stab-culture. Sometimes the whole medium became broken up,» 
and the conditions for anaerobic growth and gas-formation were not present. Actually 
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the number of tubes available for making cultures dwindled so much, that I was not 
able always to make subcultures, and the bacteriological work had to be limited. 


There were many difficulties which presented themselves and had severally to 
be overcome or recognised as insuperable. Tests which could be quickly and accurately 
carried out in an ordinary laboratory, replete with conveniences, occupied a much 
longer time in the winter quarters at Cape Denison. The claims of general work, 
incidental to the operations of a self-contained expedition, were always present, though 
I should mention that our leader, Sir Douglas Mawson, gave to all those engaged in 
special research the utmost encouragement. 


A small corner of the Hut was reserved for bacteriology. Here, a few’ shelves 
and a table accommodated stains and other reagents, slides, a spirit lamp, a centrifuge, 
a microscope, a steriliser, and other miscellaneous apparatus. For more than four 
months I was unable to make up Gram’s iodine, owing to the potassium iodide and 
iodine having been misplaced. Smears from many of the cultures made from animals 
in 1912 were, therefore, not stained by Gram’s method. The boxes containing my 
stock of materials were buried in snow outside the Hut and were only accessible on 
the rare fine days, when they had to be dug out, opened and re-packed. 


The Main Base of the Expedition was located at Commonwealth Bay, Adelie 
Land. Here, at Cape Denison, is an outcrop of rocks, mainly gneissic granite, forming 
about 1 mile of the coast-line, from east to west, and not more than one-third of a mile 
at the widest part, measured from the sea back to the moraine in which the glacier ends 
to the south. On either side streams down the piedmont glacier, presenting at the 
sea-front a perpendicular wall of ice, from 80 to 120 feet in height. Five miles to the 
west, following the icy face, is another outcrop, where a large rookery of Antarctic petrels 
was subsequently discovered. The glacier’s wall continues then for some 20 miles to 
the next outcrop. From observations made by sledging parties, and as a result of the 
three Antarctic cruises of the “ Aurora,” it is probable that these protrusions of the 
underlying land occur at irregular intervals along the glaciated coast of the’ continent 
for 1,300 miles to Queen Mary Land, where the second Antarctic party landed, under 
the leadership of Mr. Frank Wild. Dr. 8. E. Jones, the surgeon, was equipped to carry 
on bacteriological work, but was forced to abandon any researches on account of his 
culture media becoming contaminated. 


The weather in Adelie Land was extraordinarily severe. An a’most continuous 
blizzard blows there year after year. The average hourly velocity of this torrent of 
polar air amounts to 50 miles per hour, a record for any inhabited locality on the face 
of the earth. On our arrival at Commonwealth Bay, there were seals and penguins, 
skua gulls and petrels to be found along the foreshores of Cape Denison, but we were 
all so busied in building huts, erecting wireless masts, and making the winter quarters 
habitable, that I had scant opportunity until the following spring of securing cultures 
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from animals with any degree of leisure. In the summer of 1912 to 1913, most of us 
were away on long sledging journeys, and all the collections were packed up in reediness 
for our return to Australia. So, it may be understood that, during the winter of 1912, 
most attention was directed to the bacteriology of ice, snow, and soil. 


Owing to the calamity which befel one of the sledging parties, seven men were 
obl'ged to spend another winter in Adelie Land. During this period I was unable to 
continue my special studies, as the incubator had been taken on board the “ Aurora,” 
and had not been transferred again to the Hut owing to the unprecedented weather. 
But there was ample occupation adding to the biological collections, while our 
domestic duties and the regular meteorological and magnetic observations kept us 
all fully employed during 1913. However, when the ship. returned to relieve us in 
December, 1913, I found that the incubator had been returned with a fresh consignment 
of culture tubes. For a week, then, during a spell of summer calm, I was able to make 
certain cultures which were carried back to Australia, and on which reports, appearing 
in due course, were furnished by the Bureau of Microbiology, Sydney. 


Finally, there are certain acknowledgments I should like to make; in particular, 
the advice and practical help given me by Dr. J. B. Cleland. To him and Drs. E. W. 
Ferguson and K. Smith I am indebted for the investigation of cultures and specimens 
brought back from Antarctica. Professor D. A. Welsh of Sydney University offered 
me many suggestions and apparatus which proved invaluable in the South. While 
in Hobart, I was grateful to Dr. J. S. Purdy for the use of the Board of Health 
laboratory. In Adelie Land, one was generally in touch with, and ready to aid the 
other’s special department of science; I should mention the help of my comrades, 
Messrs. J. G. Hunter and W. H. Hannam. Later, in Sydney, Dr. B: T. Edye assisted 
me to standardise two instruments, and Mr. R. Grant of the Bureau of Microbiology 
kindly took the micro-photographs which appear among the illustrations. Dr. O. 
Latham, pathologist of the Department of Lunacy, was unfailing in his sympathetic 
assistance. Six photographs by Mr. J. F. Hurley appear among the plates at the end 
of. the Report. They represent artistically the surroundings of the Hut at Cape 
Denison. - 
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CHAPTER I, 


CULTURES FROM MAMMALS, BIRDS AND: FISHES. 


Tue following observations are extracted verbatim or in summary from the record of 
the Bacteriological Log :— 
_ WEDDELL Swat (Leptonychotes weddelli). 
11-3-12. Throat and Nose. 


Cultures from the throat and nose of a Weddell seal were made, immediately 
after the animal had been shot, on serum agar and nutrient agar slopes. 


After four days at.37° C., there were well-marked colonies, fusing into a pale 
white smear, having a faint yellow tint over the surface. The two types were :— 
(a) Small, pale, circular colonies, and (6) larger, white colonies, quickly losing their 
circular form during growth and fusing to form an irregular, filmy, pale smear. 


Smears stained by Gram’s method showed :— 
(a) Streptococcal chains, Gram-positive. 


(b) A Gram-negative, sporing bacillus having short coccoid forms, and others 
constricted and dividing so as to resemble diplococci. 


Subcultures of (a) and (b) were made and obtained each in pure culture. 
(6) 1. A serum agar slope, after 24 hours, showed pale, circular colonies growing 
rapidly and fusing into a filmy white smear. 


2. On a nutrient agar slope there was a white growth spreading slowly. 
3. A gelatine stab after a few days had a line of minute, white dots along the 


course of the stab; no liquefaction of the medium. 


(6) 1, 2 and 3. Small, stout, Gram-negative bacilli, some with rounded ends, 
arranged singly and in groups of two; many coccoid forms and pairs resembling 
diplococci. saa Ta ; 


Cultures of (b) examined after six days showed involuted forms of the bacillus; 
club-like bacilli and straight rods (short and long), many of which were spore-bearing. 


SNM eave ne 
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After two weeks the culture ceased to grow; it was a filmy smear, pale yellow in 
tint. Involution forms of the bacilli were more marked, some being stout and curved, 
and many bulbous and bearing refractile spores. 

Cultures made simultaneously from the nose and throat of a crab-eater seal had 
the same character :— 

CRAB-EATER SEAL (Lobodon carcinophagus). 

11-38-12. Throat and Nose. 

On serum agar and agar slopes, after four days at 37° C., there were well-marked 
colonies fusing into a pale white smear having a faint yellowish tint. They were of 
two types :—(a) Small, pale, circular colonies, and (b) larger white colonies, quickly 
losing their circular form during growth, and fusing to form an irregular, filmy, ieee 
smear. 

(a) Gram-positive streptococci. 

(b) A Gram-negative, sporing bacillus, having short, coccoid forms, and others 
constricted and dividing so as to resemble diplococci. After almost a week 
of growth, the bacilli were long, involuted, and spore-bearing. 


Weddell Seal—Wounds. 

It is a fact of some interest that most of the Weddell seals which managed to 
find a landing-place on the blizzard-swept shores of Cape Denison were covered with 
wounds, which had been recently received-and were slowly healing, and with many 
old scars. The wounds varied from simple incisions to deep, ragged and extensive 
lacerations. Occasionally there was wide-spread destruction of tissue affecting the 
whole thickness of the layer of blubber, and invading the muscle. It is surmised that 
the Weddell seals, which live for a great part of the year on the floe-ice adjoining the 
foreshores or on the land itself, are subjected to the attacks of sea-leopards and killer 
whales, which abound throughout the zone of pack-ice. On one occasion two members 
of the Expedition actually observed a sea-leopard feeding off the carcase of a seal floating 
on the surface of the water. Certain it.1s that the majority of the land seals which came 
ashore by swimming across the open water against the continuous blizzard during the 
spring or autumn of 1912 and 1913—there were very few during the winter—had run 
the gauntlet of many attacks (Plate 14). One particular seal was so badly wounded with 
multiple tears and severe lacerations, and had lost so much blood, that it had just — 
sufficient strength to land on the low, flat harbour-ice. This seal was observed for 
several days, during which all the wounds commenced to suppurate. Then the animal 
lapsed into a comatose state from the resulting septicaemia, and was eventually shot. 


It may seem a fact contrary to the usual presuppositions about Antarctica that 
on every occasion in which these wounds were bacteriologically examined they were 
found to contain abundant pyogenic and other bacteria. Though the temperature 
of the surrounding air may be as low as 30° F., with blizzard winds up to and beyond 
one hundred miles per hour in velocity, multiplication of bacteria goes on in the warm 
instertices of the wounds, and it is possible to view every stage of disintegration from 


12 AUSTRALASIAN ANTARCTIC EXPEDITION. 


slow, degenerative sloughing down to actual pus formation. And round a seal with 
many wounds one may often note small heaps of frozen pus and sanious exudation 
lying on the foot-ice. 

Infection and suppuration are undoubtedly hastened because of the thick, 
protective layer (three to five inches) of blubber, with a relatively poor blood supply, 
which intervenes between the hairy skin and the muscle. Then, too, seals often lie 
for days on one patch of ice, which becomes covered with their own and other seals’ 
excreta. So that it is not surprising to find Bacillus coli communis adding itself to an 
already mixed infection. 

In eight cultures on nutrient, glucose, and serum agar which were made in Adelie 
Land ftom wounds of a ‘“eddell seal on December 27th, 1913, and delivered for 
examination to Dr. Cleland, in Sydney, on March 3rd, 1914, the following bacteria were 
found :—Staphylococci, streptococci, a Gram-negative mycelium, Gram-positive yeast- 
like bodies and Gram-negative bacilli. 

The following notes were made in the Bacteriological Log on March 9th, 
19125 —— 

A wound about five inches long, one inch deep and half an inch wide, with a loose, 
sloughing centre was observed on the body of a Weddell seal lying on the foreshores. 
There was abundant exudation which had dropped in several places on to the ice to form 
yellow, frozen piles. The slough could not be secured, but some of the exudation was 
carried back to the hut for the purpose of making cultures. Smears were made from 
the suppurating wound of a young seal calf and stained with Jenner’s. 


There were many degenerated leucocytes, very granular and crenated; apparently 
polymorpho-nuclear. Bacteria were very numerous; cocci of varying size were present 
as well as cocco-bacilli, grouped in pairs, and long, thick, bacillary rods. (Plate 13, 
figs. 15 and 16.) 

Two cultures were made on serwm agar from the pus of the adult seal’s wound. 


12-3-12. After 24 hours at 37° C., a fine, smear-like, somewhat opaque growth 
bas appeared, and in 72 hours there was a well-defined, waxy growth with a dull-white 
sheen, along the line of the stroke. The bacteria present are streptococcal chains, 
staphylococcal bunches, cocco-bacilli arranged in pairs, and many curved and straight 
bacillary rods. 

16-3-12. Subcultures, eight days later, show circular, white colonies (like 
Staphylococcus albus), a translucent smear (cocco-bacilli, arranged in pairs, mixed with 
short bacilli and longer bacillary rods), and a fine growth (streptococcal chains). 

29-3-12. One culture from a seal’s wound appears as a white, dry growth on 
serum agar; a pure culture of short, coccoid bacilli, many constricted so as to appear 
like diplococci. 

Another culture in the form of a pale white, firm smear contains abundant 
streptococcal chains and cocci. 

A third culture (stained with carbol fuchsin) has straight, thick, bacillary rods. 
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Weppett Srar—Recrum. 

1-3-12. A stab culture-in glucose agar was made from the rectum of a Weddell 
seal. It was about ten days before a fine, branching growth appeared along the site 
of the stab. In several places there were small bubbles of gas in the medium. 

Smears show long and short bacillary rods, some with deeply stained bipolar 
bodies; many were like Bacillus coli communis in appearance. 


19-3-12. Anwrobic and wrobic cultures were made from the intestine of a 
Weddell seal on nutrient, serum and glucose agar. 
A smear made from the large intestine, stained with carbol fuchsin, has :— 
(a) Many slender, straight, bacillary rods; 
(6) Short, thicker rods, some spore-bearing ; 
(c) Long bacillary rods in chains; and 
(d) Cocco-bacilli and cocci. 


25-38-12. Ileum. A serum agar culture shows fine, discrete, rather opaque 
colonies, examined after six days at 37° C. In a smear, stained with carbol fuchsin, 
there are long and short bacillary rods, coliform in appearance. 


Rectum. Glucose agar stab. The medium has been broken up by the 
formation of gas bubbles; along the course of the stab there is a fine, greyish growth 
and numerous, minute, gas bubbles pushing out into the medium with the daveral) pro- 
cesses of the growth. 


A smear shows long, short, straight and curved bacilli, some spore-bearing. 


26-38-12. Sigmord flecure. Gelatine stab. The medium is full of gas bubbles 
as in the previous culture; a fine growth is observed pushing out in lateral ofishoots 
into the medium; some liquefaction. 


There are long and short, stout and slender bacillary rods. 
27-38-12. Rectum. A serum agar slope has numerous greyish, circular growths 


which show a diversity of bacilli; slender, thick, short and long, straight and curved 
forms; a few cocco-bacilli; many spores and spore-bearing bacilli. 
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28-3-12. Rectum. An anzrobic culture (agar slope) shows a filmy, grey smear 
along the course of the stroke. A few short bacilli very similar to Bacillus coli communis. 


29-3-12. Rectum. The glucose agar stab (described on 25-3-12) has large, 
stout bacilli, many of which are curved. Bipolar staining is very noticeable in some 
bacilli; in others the deeply stained portions are eccentrically placed. There are 
also large, involuted forms containing as many as four dark granular bodies. 


30-3-12. Sigmoid flecure. A subculture on agar made from the gelatine stab 
(26-83-12) has a single, circular, colourless colony, after 36 hours at 37° C. Long and 
short bacillary rods, some spore-bearing. 


Frozen FAcEs. 


Frozen feces of seals and penguins could be seen along the icy foreshores in the 
summer and autumn. During the winter the heavy falls of snow accompanying the 
blizzards obliterated all traces of excreta. The liquid feces of the penguins are either 
pink—possibly from the large number of Huphausia (pink crustaceans) they consume— 
or dirty green from biliverdin pigment. The excreta of the Weddell seal are either 
blackish or chocolate-coloured. 


30-3-12. One chocolate-coloured lump which had been, from observation, in 
situ for six weeks, was chipped off from the foot-ice and taken back to the Hut. An 
agar slope was inoculated, and after 48 hours at 37° C. is covered with a rapidly growing, 
greyish smear. Numerous short, stout bacilli and longer, thick forms; many are 
typically coliform in appearance. 


16-10-12. Weddell Seal. Rectum. Two cultures (agar slopes), inoculated 
from the rectum, show greyish, circular growths which appear on smears as short and 
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longer, stout, somewhat coccoid bacilli (in length 1. to 3-6”); some being spore- 
bearing; afew elongated and curved forms. ; 


Sea-Leoparp. (Stenorhynchus leptonyz.) 


3-11-13. A smear from the large intestine, made on a glass slide and stained 
with carbol fuchsin, demonstrated the presence of many rod-like bacilli of various 
sizes, similar to those found in the intestine of the Weddell seal. No culture tubes 
were available. 


ADELIE Pencutn. (Pygoscelis adelia.) 


(1) 4-38-12. Rectum. An agar slope, after three days at 37° C., had along the 
course of the stroke a fine, glistening, greyish smear which died out and dried, after 
six days. In smears there were short, stout bacilli showing bipolar staining. 


7-3-12. A glucose agar shake culture was, after a few day, broken up exten- 
sively by the formation of gas bubbles in the medium. A few greyish, elliptical growths 
could be discerned. Stained smears contained. long and short, stout, and, in some 
cases, curved bacillary rods. 


13-38-12. An anerobic culture on an agar slope (using pyrogallic acid and . 
potassium hydrate), is ridged along the course of two strokes, but no organisms can be 
found, . 
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(2) 1-4-12. Rectum.—A smear, stained with carbol fuchsin, shows long and 
short, stout bacilli and a few slender forms. 


Lower Intestine-—Numerous bacilli, long, short and stout; some chained, some 
with polar staining, or with a deeply stained area near the middle of the bacterium. 


3-412.  Intestine-—A serum agar slope, after 48 hours, shows a milk-white 
growth terminating below in a greyish smear. The white growth appears as coccl 
and staphylococcal bunches; the lower part of the growth as bacilli of a coliform type. 


Intestine-—A. pale, greyish smear on an agar slope after 48 hours. Slender 
block-like bacilli (see sketch), some arranged in short chains and dense packets, with 
organisms of the coliform type, as in the previous culture. Bipolar staining was marked 
in some cases. 


Intestine—Glucose agar shake. The medium is disrupted by gas bubbles; no 
definite growths can be made out, although smears from cloudy areas contain a few 
moderately long, straight, stout bacilli. 


g-4-12. Lower Intestine —An anerobic culture on an agar slope is visible after 
9 days at 37° C., as a pale, glistening, somewhat gelatinous, warty growth, with some 
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corrugation and pitting. The bacilli are represented as short and long, slender reds; 
the longer (15p to 20u) being much attenuated, curved and polymorphic in character, 


Unfortunately this culture was lost. 


10-5-12. Frozen Hxcreta.—A specimen was secured from the snow adjoining 
a rookery, six weeks after the birds had gone to sea. 


After four days at 37° C., an agar slope shows a brownish, smeary growth, partly 
overgrown with waxy, white colonies. 


Cocci in staphylococcal bunches and bacilli very similar to Bacillus coli communis. 


14-10-12. A scraping from the lower itestine (stained with Leischmann) has 
epithelial cells, red blood corpuscles, leucocytes and numerous bacilli rod-shaped and 
block-like (2u to 3-5 in length) in character. 


19-10-12. Lower Intestine.—An anerobic agar slope culture, after five days at 
37° C., has grown two circular, dull-white colonies at the upper part of the slope; there 
is (2) contamination below by a growth somewhat similar to Bacillus subtilis. A few 
cocci and cocco-bacilli observed. f 
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SOUTHERN Skua GuLt (Megalestris antarctica). ° 


15-38-12. Small Intestine.—A cover-glass preparation (stained with carbol fuchsin) 
shows a few cocci and cocco-bacilli. Bacteria are very scarce over the whole field. 


Rectum.—Many bacteria, coliform in appearance, associated with cocci and 
cocco-bacilli; a few long, curved forms. 


18-3-12. ‘Two types of colonies are visible on a serum agar slope, after three 
days at 37° C. :— | | 
(a) A pale, greyish growth of irregular form; 
(b) Discrete, somewhat opaque, small circular colonies. 
(a) Short bacillary rods coliform in type. 
(b) Long and short, stout bacilli; some are more slender and curved; some 
are sporing, and others are in short chains. 


A subculture was made from (b). 


Small Intestine—The serum agar slope (18-38-12) is covered with a generalised 
brownish smear. Short rods, associated with a few longer forms; a few-cocco-bacilli. 


Small Intestne.—Along the course of a stroke on nutrient agar there is’a linear, 
pale, greyish smear. Bacilli very similar to Bacillus coli communis, together with a 
longer sporing bacillus. 


19-3-12. Rectum.—The subculture from (b) has somewhat opaque, small, 
circular colonies. Numerous thick bacilli, of varying length, sporing. 


' © Rectum.—A stab in glucose agar shows after a few days an air-bubble along the 
course of the needle. Another larger bubble invades the medium. There is a fine 
greyish growth. Bacilli, coliform in appearance. 


Rectum.—A glucose agar shake culture has become infected with mould. 


27-83-12. The subculture of a whitish colony, made on 19-3-12, is apparent on 
an agar slope, after eight days’ incubation at 37° C., as a white, waxy growth. Small, 
short, slender bacilli, sporing. 


Rectum.—The subculture on agar of a fine, pale colony appears as a diffuse pale 
growth; cocco-bacilli similar to forms previously seen. 


Snow Perret (Pagodroma nivea). 


29-412. In smears (stained with carbol fuchsin) from the upper and lower 
intestine (near the rectum) the micro-organisms were very sparse. A few cocco-bacilli 
were observed, after looking over several large fields. _ 


Cultures on serum and nutrient agar from the intestine and rectum produced 
no growth. Along the course of a stab in gelatine a faint, pale yellow fringe was observed, 
but no bacteria could be stained. 
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11-5-12. Lower Intestine—After 14 days’ at 37° C., a glucose agar shake culture 
contains a few, minute, greyish elliptical growths (viewed with a lens); no formation’ 
of gas. 

Smears demonstrate numerous micrococci and cocco-bacilli. 

Small Intestine.—A fine, greyish growth appeared on a serum agar slope after 
10 to 14 days at 37°C. Some large cocci and cocco-bacilli similar to those seen in the 
previous culture. : 

Lower Intestine—A serum agar culture, after 10 to 14 days, has a brownish 
smear along its sloped surface. Long and short bacilli, some chained; a few cocco- 
bacilli. 

An agar slope subculture, made from the preceding, produced, after 48 hours at 
37° C., a rapidly growing, dull-white smear with a few outlying circular colonies. Long 
and short, thick and slender bacilli (none coliform in appearance); large cocci and 
cocco-bacilli as below :— 


I 


Antarctic Perret (Thalasseca antarctica). 


99-412. A smear (stained with carbol fuchsin) from the rectum shows a very 
few, straight, slender bacilli (54 to 6p in length), some cocci and (?) cocco-bacilli, 
epithelial cells and débris. 

In a smear from the lower intestine there are slender, straight bacilli similar to 
those seen in the rectum, but more numerous. 


No bacteria can be seen in the smear from the upper intestine. 
Lower Intestine—No growth was obtained on serum agar. 
Rectum.—No growth was obtained on serum agar. 


Lower Intestine—No growth along a stab in gelatine, incubated at 15° to 18° C. 
No liquefaction of the medium or obvious gas-formation. The gelatine was very brittle 
and split in every direction. 


11-5-12. Lower Intestine.—In a glucose agar shake culture there are a few straw- 
coloured, lenticular growths, after 10 to 14 days at 37°C. Some cocci and diplococci. 
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27-9-12. An Antarctic petrel was examined 48 hours after death. Smears 
(stained with carbol fuchsin) from the stomach, jejunum, ileum, lower intestine and 
rectum were made. <A few very slender, short bacilli were seen; some cocco-bacilli (2) 
and cocci. There was a marked absence of bacteria in all the smears, and one had to 
traverse many fields before picking one up. 


Culture tubes were inoculated from the small intestine, lower intestine and 
rectum. 
1. Small Intestine—Small, white, papilla-like colonies grew on a serum agar 


slope. Cocci and diplococci in masses ; large cocci (twice the diameter of the first-named) ; 
cocco-bacilli, and a very few, slender, bacillary rods. 


2. Large Intestine-—Small, circular, discrete, pale colonies were visible on an 
agar slope. Cocci and diplococci, separate and in bunches. 


3. Rectwm.—tThere were similar colonies on agar to those seen in the previous’ 


culture. Cocci and diplococci, separate and in bunches. 


4. Small Intestine—A pale, fine growth appeared along the course of the stroke 
on agar. Large cocci similar to those found in (1.) 
Subcultures were made from (1) and (2). 
(1) Glucose agar slope-——(a) A pale, liquid smear, and (b) a few circular, white 
colonies. 


(a) Yeast torule. 


(6) Small cocci in masses. 
(2) The agar slope has (a) circular, glistening white colonies growing rapidly, and 
(b) a pale smear. 
(a) Bacillary rods, block-like, 1-4 to 2:8u in length; and 


(b) Yeast-like organisms. 


Several of the subcultures afterwards became infected with mould, 


NOW ae 
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Cop Fisu (Nototheniae). 


It appears, from scientific reports which have already been published, that 
Notothenia coriiceps is the species most commonly found in and around the boat 
‘harbour at Cape Denison, Commonwealth Bay. The temperature of these fish 
corresponds almost exactly with that of the sea-water (usually about 29° F-.). 

They and another similar species, Trematomus bernacchw, seem to.be the only 
fish inhabiting the shallower waters close to the land; in fact they live amidst the 
kelp weed, and. it is here that they may be caught most readily by hand-lines or traps. 
In appearance they are very similar to the small “ rock-cod ”’—and present the same 
variety in colouration—which thrive amongst the inshore rocks and seaweed anywhere 
along the coast of Australia. 

It is probably on account of their more or less secluded existence amongst the 
serpentine masses of kelp that these small fish escape the depredations of seals, 
sea-leopards, and sea-elephants. In fact, when they are very young, they are liable 
to be eaten by penguins, which for at least six months of the year infest in their millions 
the shores of rocky outcrops and islands fringing sparsely the ice-bound coastline of 
Antarctica. So it may be understood that fish are relatively scarce in the shallow 
coastal zone, and the same rule holds good in the case of Macquarie Island, situated in 
Sub-Antarctica. 

Two cultures were made from Notothenia coriiceps :-— 

10-5-12. Lower Intestine.—(Notothenia corticeps). A serum agar slope, after 24 
hours at 15° to 18° C., shows a few pale, circular colonies, each at the bottom of a pit of 
liquefaction in the medium. Slender bacilli, long and short. 

Rectum.—(Notothenia coriiceps). After 48 hours at 37° C. an agar slope has a 
few small, circular, pale, slowly growing colonies. Large cocci in staphylococcal 
masses and some cocco-bacilli. 


SMEARS FROM MaAmmMats, Brrps, AND F isu. 


A large number of slides were prepared, at various times during 1912 and 1913, 
from smears of intestinal contents. These were mostly stained with carbol fuchsin 
and packed away in boxes. The slides were not finally examined until three years 
after their arrival in Australia, owing to unavoidable circumstances. Meanwhile they 
had been kept in a dark cupboard and were in a good state of preservation when viewed 
under a microscope. The particular smears described below were, first of all, 
decolourised in acid alcohol, and then re-stained by Gram’s method. 


WEDDELL SeAL (Leptonychotes weddelli). 
Stomach.—Bacteria are not numerous. ; 
(1) Small, oval, Gram-negative bacilli (5. in length, -24 in width), occurring 
typically in twos and like diplococci in appearance. 
(2) Gram-positive micracocci (-2u, in diameter) were in greatest numbers, 
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(3) Some slender, Gram-negative bacilli (about 2 in length). 


Small Intestine-—Bacteria are plentiful. 
(1) Oval, Gram-negative bacilli (2% in length, lf in width), showing more 
elongated and definite bacillary forms and occurring in twos, adhering 
together; the smaller groups closely resemble diplococci. 


(2) Many Gram-positive cocci (-4u to -5y in diameter). 
(3) 
(4) 

) 


(5) Gram-positive micrococci (2 in diameter). 


Slender, Gram-negative bacilli of varying length; often in twos or short chains. 


Gram-negative, coliform bacilli are represented. 


Rectum.—Bacteria are very numerous. 

(1) Stout, Gram-negative, sporing bacilli of variable size (4 in average length, 
1-24 in width) are most in evidence. Their arrangement is commonly in 
‘twos, end to end. 

(2) Slender, Gram-negative bacilli (3-4 long, -3~ wide) occur singly, in twos or in 
short chains. Some bacilli have small nodules deeply stained, or clear spaces 
in their protoplasm. 


(3) Gram-negative, coliform bacilli. 


(4) Gram-positive cocci (+3 in diameter) and diplococci. 


SEA-LEOPARD (Stenorhynchus leptonyz). 

Stomach.—Bacteria are sparse in numbers. ie 
(1) Gram-positive micrococci (:2u in diameter) and diplococci. 
(2) Gram-positive, short, slender bacilli (-64 long and -1p wide). 

Small Intestine.—Bacteria are in moderate numbers. 
(1) Slender, gram-positive rods (1-8 in length, -2u in width). 
(2) Stout, Gram-negative bacilli (3-4y in average length, -6% in width) which are 

variable in length. 

(3) Slender, Gram-negative bacilli, with short and long forms. 


(4) Gram-positive micrococci (-2 to -3 in diameter) and diplococci. 


Caecum.—Bacteria are very plentiful. 
(1) Stout, Gram-negative, sporing bacilli (4-1p in average length, 1-3 in width), 
most often arranged in twos, end to end. 
(2) Very slender (-1p in width), Gram-negative rods (2 in length), occurring singly 
or in chains of three or four. 
(3) Gram-negative, coliform bacilli. 


(4) Gram-positive cocci (-3 in diameter) and diplococci, 
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Antarctic PetreL (Thalassoeca antarctica). 

_ Stomach.—Many bacteria are seen, chiefly (2). 

(1) Slender, Giam-positive bacilli (3-4 in length, -3u in width). 

(2) Gram-positive micrococci (-24 to -3u in diameter) and diplococci. 
Small Intestine—Bacteria are in fair numbers. 

(1) Gram-positive micrococci (-2u to :3u in diameter). 

(2) Very slender, short, Gram-positive bacilli (1-54 in length, -2u in width); some 

elongated forms. 

(3) Gram-positive, bean-shaped cocci in pairs (+5 in longest diameter). 

(4) Short, Gram-negative cocco-bacilli (-5u in length). 
Rectum.—Bacteria are in moderate numbers. 

(1) Many Gram-positive micrococci (-24 in diameter) and diplococci. 

(2) Gram-negative, somewhat coliform bacilli. 

(3) Gram-negative, stout rods (3-4p in average length, -94 in width). 


Snow Prtrret (Pagodroma nivea). 
Stomach.—Bacteria are fairly numerous. 
(1) Large, Gram-positive diplococci (1-1p in diameter), are most obvious. 
(2) Gram-positive micrococci (-24 in diameter) and diplococci. 
(3) A few short, slender, Gram-positive rods. 
Small Intestine—Gram- -positive micrococci and diplococci are plentiful; no 
bacilli seen. . 
Rectum.—Bacteria are numerous. 
(1) Gram-positive diplococci (l-lp or more in diameter) are most plentiful. 
(2) Slender, Gram-positive rods (from 2-5 to 5p in length, -2u in width). 
(3) Gram-positive bacilli (2-54 in average length, “6m In thickness), arranged 
singly or in chains of three or more. 


(4) Thick, Gram-negative, sporing bacilli (2:5u long, Sp. wide), somewhat variable 
in length. 


(5) Gram-positive micrococci (-24 in diameter) and diplococci. 


“Quant PETREL (Ossifraga giganten). 
Stomach.—Bacteria are in fair numbers. 
(1) Short, slightly curved, Gram-negative bacilli. 
(2) Gram-positive micrococci (-24 in’ diameter) and diplococci are in greater 
number. : 
Small Intestine.—Bacteria are in moderate numbers. 
(1) Gram-positive micrococci (24 in diameter) and diplococci are in greater 
number, often occurring in masses. 
(2). Some short, Gram-negative bacilli; a few curved. 
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Rectum.—Bacteria are very plentiful. (Plate 13, fig. 13). 
(1) Stout, Gram-negative bacilli (3-44 to 8-54 in length, -8 in average width), 
arranged singly or in short chains of two or three bacilli; single, spore-bearing 
forms. 


(2) Gram-negative bacilli similar to Bacillus coli communis. 
(3) Gram-positive cocci (-2u to -34 in diameter) and diplococci. 


Witson Perret (Oceanites oceanicus). 
Stomach.—Bacteria are very sparse. A few Gram-negative cocco-bacilli (Ip in 
length, or smaller). 


Small Intestine—No bacteria are seen. 


Rectum.—Bacteria are few in numbers. 


(1) Very slender, Gram-negative rods, most often in short or long chains (3-4 in 
average length, -1j. in width). 
(2) Gram-positive cocci (-2u in diameter) and diplococci. 


Prion (A new species, very similar to Prion banksit). 


Stomach.—No bacteria are visible. 


Rectum.—Bacteria are very sparse. 
(1) A few, very slender, Gram-negative rods (1:7p in length, -1p in width). 
(2) Gram-positive micrococci (-2u in diameter) and. diplococci.. 


EMPEROR PENGUIN (Aptenodytes forstert). 
Stomach.—Bacteria are in moderate numbers. 
(1) Gram-positive micrococci (:2u to :3u in diameter) and diplococci are in greatest 
number. 
(2) Thick, Gram-negative bacilli (3-4u long, -9 wide). 
(3) Gram-negative cocco-bacilli (1p in length, -8 in width). 
Small Intestine—Bacteria are fairly numerous. : 
(1) Gram-negative bacilli (3-54 in average length, -9 in width) which vary greatly 
in size; they are arranged singly or in twos. Some elongated forms reach 14. 
(2) Many Gram-negative bacilli are like Bacillus coli communis in appearance. 
(3) Gram-positive micrococci (-2u to -34 in diameter) and diplococci. 


Rectum.—Bacterla are very numerous. 
(1) Thick, Gram-negative bacilli (8-44 in average length, 1-11 in width) having 
elongated and curved forms. 
(2) Gram-negative bacilli, very similar to Bacillus cola communis. 
(3) In greatest number are masses of Gram-positive cocci (-2u to -3n in diameter). 
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ADELIE PENGUIN (Pygoscelis adeliae). 
Stomach.—Bacteria are very few. 
(1) Single, Gram-positive bacilli (1-7 in length, -4u in width). 
(2) Gram-positive micrococci (-2 to -34 in diameter) and diplococci. 
Duodenum.—Bacteria are sparse. 
(1) Gram-positive micrococci (-24 in diameter). 
(2) Slender, Gram-positive bacilli (2u in length, -34 in width). 
Small Intestine —Masses of Gram-positive cocci (-2u to Bp in diameter) are 


numerous; there are cocci in short chains; no bacilli seen. 


Rectum.—Bacteria are very plentiful. 
(1) Numerous spore-bearing, Gram-positive bacilli (3-4 in average length, -9 in 
width) occurring singly or in twos, end to end, at an obtuse angle. 
(2) Gram-negative bacilli very similar to Bacillus coli communis. 


(3) Gram-positive micrococci (-2u to -3u in diameter) and diplococci. 


Skua Guuu (Megalestris antarctica). 
Stomach.—Some Gram-positive micrococci (:2u in diameter) and diplococci. 
Small Intestine —Gram-positive micrococci (-2u in diameter) seen; no bacilli. 
Rectum.—Bacteria are very numerous. 
(1) Gram-negative bacilli, very similar to Bacillus coli communis. 


(2) Stout, Gram-negative bacilli (3-54 in average length), bearing in some cases 
refractile spores; often in pairs, end to end; some elongated forms. 


(3) Slender, Gram-positive rods (2:24 in length, -3u in width). 


No cocci seen in the smear. 


Cop Fisn (Notothenia coruceps). 
Stomach.—Bacteria are few in numbers. 
(1) Slender, Gram-negative bacilli (1-7 in length, -2p, to -3u In width), some a little 
curved; elongated, curved forms occasionally seen. 
(2) Gram-positive micrococci (-2 in diameter) and diplococci. 
(3) Gram-negative cocco-bacilli (1p long, -5u wide). 
Intestine-—Bacteria are fairly numerous. 
(1) Slender, Gram-negative bacilli of varying length (3-4y in average length, -2u in 
width); mostly single, otherwise in pairs. 
(2) Gram-positive micrococci (24 to -34 in diameter) and diplococci in greatest 
number. 


(3) A few small, Gram-negative cocco-bacilli. 
*20218—D VoL. VII, Parr 3. 
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CHAPTER II. 
ANTARCTIC BACTERIOLOGICAL INVESTIGATIONS.* 


CULTURES FROM ANIMALS. 
CuLruREs from a number of mammals and birds killed in Antarctica were received. 
In a number of instances, as for example in the case of the Ross Seal, no bacteria had 
grown on the culture media. In the majority of instances, however, growth of a 
coliform type was present, and these cultures were fully investigated to determine 
the type of bacillus present. In a few cases sporing bacilli were met with, and in one 
case where cultures were made from the wound of a seal, streptococci and staphylococci 


were found. 
Most of the cultures were made in these cases from the rectum of the killed 


animal, which would account for the preponderance of coliform bacilli. The cultures 
were mostly on agar slopes, but gelatine and serum slopes and glucose agar stab-cultures 
were made in a number of cases. 
CraB-Hater Srau (Lobodon carcinophagus). 
Six cultures from this animal were received. 
81-14. Agar stab.—No growth. 
8-1-14. Agar slope.—Coliform growth. 
16-1-14. Agar slope.—No growth. 
16-1-14. Gelatine.—No growth. 
17-2-14. Gelatine-—Growth; liquefaction. 
17-2-14. Agar slope.—Coliform growth. 
Subcultures were made from all on agar slopes. No growth occurred on three; 


and as the original cultures had shown no growth, the former were discarded. The 
remaining three showed a coliform growth. 


Emulsions were made from the subcultures, and one loopful of each was plated 
on agar. Six colonies were then picked off from the plates on to agar slopes. Two 
of the cultures showed coliform organisms only, the third showed coliform bacilli and 
a Gram-positive, sporing bacillus. 


The coliform organisms were tested on the “ first five sugars.”* The sporing 
bacillus was plated and also put on to gelatine and potato. 


On agar plates, its colonies were whitish, large and irregular, flat, not raised in 
the centre, edges irregular, filamentous, giving them a fluffy appearance. 


On agar slopes a dense, white, film-like growth was produced. 


* The following report, compiled by Drs. J. B. Cleland, FE. W. Ferguson and K. Smith, is a summary of part of the 
work done on vario. s specimens submitted to the Bureau of Microbiology, Sydney. 
* Vide Table. 
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On gelatine, liquefaction occurred in 24 hours. After four days, liquefaction 
extended to the depth of the stab, and growth was in the form of a flocculent deposit at 
the bottom of the liquid. ' 


On potato. After four days, growth is slightly moist, film-like, slightly wrinkled, 
greyish-yellow in colour, but pale around the edges. 


WEDDELL SEAL (Leptonychotes weddelli). 


Five cultures were submitted from this animal. 
Two glucose agar stab-cultures from the rectum, one dated 16th December, 


1913, and another undated, showed no growth. These were replated but with negative 
results. 


The other three cultures, on sloped agar, showed a growth of Gram-negative 
bacilli of a coliform type. 


One tube was labelled, “‘ Seal iReseisttst 2nd Jan., 1914.” The other two were 
subcultures, and were dated “2nd Feb.” and “ 17th Feb.,” respectively. 


These cultures were subcultured, and emulsions were made from the growth. 
A loopful of emulsion from each was plated on agar, and six colonies were picked off 
on to agar slopes and inoculated into the “ first five sugars.” 


Glucose agar stabs were made from the original stab-cultures submitted. 
Apparently no growth took place. On staining the originals, short and long Gram- 
negative bacilli were present. The same organisms were found to be present in the 
subcultures on making smears. 


Wound oF WEDDELL SrAu (Leptonychotes weddelli). 


Cultures were forwarded which had been made from the wound of a Weddell 
seal. Six original cultures were made; four on sloped agar, one stab in glucose agar, 
and one on serum. These were dated, “27th Dec., 1913.’ In addition, two sub- 
cultures on sloped agar and dated respectively, “26th Jan., 1914,” and “17th Feb., 
1914,”’ were sent. 


Cultures dated. No. in Laboratory List. © 

27-12-13 Agarslope ... i = oes a WY 
on * 3 
ot 5 4 

” » 6. 
“ Serum slope 5 
tes Glucose agar stab 8 
26-1-14 Agar slope subculture eee goa AL 
eee ae a Ov hese Seite ae 
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From these eight cultures, twelve subcultures were made on agar, on the 24th 
February, 1914. 


Subcultures. 

No. 1. Gram-positive cocci in chains. 
2. 53 (staphylococci). 
2b. . in chains. 
3.) ae 
3h. f " (staphylococci). 
4, = (streptococci). 


4b. Gram-negative mycelium, Gram-positive yeast-like bodies. 
5. Gram-positive cocci (staphylococci). 

6 0 

6b. (%) No growth. 


7. Gram-positive cocci (streptococci). 


9 


8. Gram-negative, (?) mycelium or bacilli. 


Further subcultures were made on 24th March, 1914. Nos. 1, 2b, 4, 7, showed 
fine colonies of Gram-positive cocci (? streptococci). From these, tubes of bouillon 
were inoculated in which a fine flocculent growth, gravitating to the bottom of the tube, 
was produced. On staining, long chains of streptococci were present. . 

These bouillon cultures were then plated, and separate colonies picked off and 
tested on the “ sugars.” 

Subcultures Nos. 2, 3, 3b, 5, 6, showed a dense white growth like that of 
Staphylococcus albus. 

Subculture No. 4b showed no evident growth, but on staining, a few lengths of 
mycelium were detected. Later the culture was overgrown with a mould. 
Subculture No. 8 showed a doubtful, very fine growth. On staining, irregular 

Gram-negative bacilli, moderately long and thick, were found to be present. 


The subcultures showing Staphylococcus albus were inoculated on to gelatine, 
and left at room temperature. 


Nos. 3, 3b, 5, 6, showed a whitish growth down the needle track, spreading out on 
top. No liquefaction of the gelatine was produced in 24 hours; after four 
days slight liquefaction appeared at the top. 

No. 2 produced liquefaction of the gelatine in 24 hours, forming a dense, white 
precipitate at the bottom of the liquid, and a fine growth above it; the liquid 
was turbid. 


The streptococci were tested on the “sugars”; three colonies being picked off 
from each plate and inoculated into glucose, mannite, lactose, saccharose and raffinose, 
and also into litmus milk. 


After 72 hours no change was observed in these media, 
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After 21 days, one culture from No. 4 and one from No. 7 showed no change; 
the other cultures all showed acid in glucose. 


No change was produced in the milk, 


In gelatine, liquefaction was observed in all the cultures. 


Wanverinc ALBATROSS (Diomedea exulans). 


Three cultures on sloped agar, gelatine and glucose agar (stab), made 200 miles 
south of Tasmania, were submitted. The cultures were dated 24th February, 1914, 
and one (the agar slope culture) was labelled “ rectum,” the others not being so labelled, 


~. though presumably these cultures were also made from the rectum. On receipt, 


subcultures on sloped agar were made from the original cultures and showed Gram- 
negative bacilli. Emulsions were then made from the subcultures and plated on agar; 
one loopful of the emulsion being added to each plate. After incubation, each plate 
showed an extensive growth of confluent colonies of a coliform type. Six colonies 
were picked off from each plate and cultured on agar. From these cultures, which 
showed a pure growth of a Gram-negative, colon-like bacillus, the “ first five sugars ” 
(glucose, mannite, dulcite, lactose and saccharose), were inoculated. 


In all three cases the six subcultures showed the same reactions on the “ sugars,” 
giving “ A. and G.” after 72 hours’ incubation. As the “ sugars ” reactions of all the 
coliform organisms isolated from the various animals were determined at the same 
time, it will be more convenient to discuss them together. | 


Skua GULL (Megalestris antarctica). 


Hight cultures from the skua gull were received, the original cultures having 
been taken. from the rectum of the bird, and subcultures made at intervals. In the 
following list, the cultures are arranged in accordance with the dates on the tubes :— 


16-12-13 Agarslope ...  ... _... Coliform growth. 
- Glucose agar stab... ... Growth. 

6-1-14 Subculture (?) agarslope ... Coliform growth. 
14-1-14 Subculture (?)... nen ... Fine growth. 
14-1-14 Agarslope ...... ... Coliform growth. 
26-1-14 Subculture, agar slope ... Coliform growth. 

7-2-14 Subculture, gelatine ... ... Growth. 
17-2-14 Subculture, agar slope ... Coliform growth. 


Subcultures were made from all the cultures on agar slopes. In all, Gram- 
negative bacilli of a coliform type appeared. In the subculture from the gelatine, 
arge Gram-positive bacilli were also present. | 
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Emulsions were made from the agar subcultures and plated on agar, one loopful 
to each plate. Three colonies were picked off from each plate, subcultured on agar 
and transferred to the “ first five sugars.” 


SuGAR REACTIONS. 


[MILK F : 5 aA oe e | 

——--—-| ¢ |¢ |¢s|/g1!1&8&|s|e}]es].|2 Beznlace| estes | 2 

ne | z el ibcst ice WES a) EEE ES se 4) EP) Ee SP IL o,/2 |e] 8 | 

aisle | 3s g 3 3 ie = % 2/2 %o = 3 a = S g 8 Remarks. 

ele leye aja lale/s a leiFle]#ielaj2)el=|= 
Albatross...) A | A ) |AG|AG|AG)AG/ AG] AG AG A GeIEA GIES Gil FA Go | amen | ea |e 2 cultures; 7 days’ 

readings, 
skua Gull...| A | A | C |AG}/AG|AG|AG|AG;AG] ... |AG] ... {| ... |... JAG |AGIAG] ... | w]e. of ” 
WeccellSeal] A | C | C | AG|AG|AG|AG)AG|AG] ... | AG]... | ... |AG|AG|AG]AG] ... |... |... cs Fi 
Crab-eater 
Seal 2} A | A | C |AG!|AG|AG|AG)AG]AG] ... | AG]... | ... |AG}]AG|AG|AG| ... | ... | ... | 1 culture: 7 days’ read- 
A 5} A} A | C |AG|AG|AG SEN AG| ... | AG 


Coliform organisms from the wandering albatross, Weddell seal, crab-eater seal 
and skua gull were tested on the “ sugars.” 


The procedure adopted for the isolation of the coliform bacilli was the same in 
all cases. It consisted of subculturing from the original cultures, plating on agar an 
emulsion from the subcultures—one loopful to each plate—and picking off from the plate 
separate colonies on to agar slopes.’ From these agar slopes the organisms were 
inoculated on glucose, mannite, dulcite, lactose and saccharose. 


In these five “sugars” all the cultures tested gave the same reactions; the 
formation of acid (A.) and gas (G.) after 72 hours’ incubation. In some cases the 24 
hours’ reading showed no change in the dulcite, but this substance was in every case 
fermented in 72 hours. On glucose acid was frequently shown, but no gas. This 
result occurred also to some slight extent on saccharose, and was probably due to the 
excess formation of acid inhibiting the formation of gas. In some instances the colour 
of the medium was partially discharged; this occurring along with gas formation, and 
to a certain extent making the reaction acid. This discolouration was not confined to 
the “ sugar,” but occurred most frequently in media containing dulcite and saccharose. 


The coliform organisms thus tested would fall according to their reactions into 
the Friedlander-Neapolitanus group. To determine whether more than one type belong- 
ing to this group were present, the organisms were further tested on the remaining 
“sugars.” The results are shown on the accompanying table. In each case two sub- 
cultures derived from two separate original cultures were tested on the “ sugars.” 


The results of all the tests were the same, with the exception of the reaction in 
salicin. Both cultures from the albatross and Weddell seal, and one from the crab-eater, 
gave “ A. and G.” on salicin, while both cultures from the skua gull and one from the 
crab-eater gave no change on this medium, 


BACTERIOLOGICAL AND OTHER RESEARCHES—McLEAN. 31 


It is questionable if the difference on salicin alone is sufficient to differentiate 
the organisms into two types. 


Probably if further cultures had been tested, both types would have been found 
present in each animal, and it is possible, though I do not think probable, other types 
of coliform organisms also. 


Cultures from the following animals and birds gave negative results :— 


Ross SEAL. 


Three agar slopes, a glucose agar stab and a gelatine stab were sent from this 
animal. No growth was apparent on the cultures, and subcultures showed no growth. 


: Prion (of a new species like Prion banksit). 
16-12-13. Rectum. Agar slope. No growth. 


29 99 29 29 


rf eG ts - Gelatine. 
26-12-13. my Serum. - 
y SEM 5 Agar stab. " 
14-11-14. Agar slope. - 
27-1-14. Agar slope. +3 


Subcultures were made from these, but showed no growth. 


rk _ANTAROTIC PETREL. 
31-12-13. Agar slope. No growth. 
(22-29-14, “ 


3 ae 


SILVER PETREL. 


30-12-13. Serum. No growth. 
cs Agar slope. % 
Ms Gelatine. -y 


fi Snow Perret. 
"93-12-13. Agar slope. Fine growth. 


—12-13. eta stabseNo growth. 
14-1-14. 33) Slope. ne 
ert ‘ Gelatine. asa 


The culture showing (?) fine growth was subcultured, and again apparently a 
finé growth appeared. But on staining, no organisms were to be seen, and further 
subcultures showed no reappearance of growth. 
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TERN. 


16-1-14. Agar slope. No growth. 
16-1-14. Agar stab. (?) Growth near top. 


Two subcultures from the agar stab were made on agar slopes, but no growth 
appeared. 


PENGUINS. 


17-12-13. Rectum. Agar slopes. No growth. 


» x Gelatine. ie 
” 7 Agar stab. 5 
-12-13. Serum. One small colony. 
14-1-14. PA No growth. 


The culture tube showing the single colony was put aside for further examination, 
but on re-examination the culture tube was found to have dried up and subcultures made 
after moistening the surface with a sterile brush showed no growth, 


' HOLOTHURIAN. 
22-12-13. Agar slope. (?) Slight growth. Smears showed nothing 
31-12-13. o No growth. . 


Cop (Notothenia coruceps and Chalinura ferriert). 
Hight cultures from cods were received, all from the rectum. Several were labelled 
“God,” and the others “ Notothenia.” The cultures’ were afterwards found to be 
from two species of fish. 


Of the eight original cultures, four on examination showed no growth. The 
remaining four showed (?) growth or a fine growth. The first of these was taken in 
Adelie Land; the remaining three were recovered from the deep-sea trawl in latitude 
64° 34’ South, longitude 127° 17’ East, at a depth of 1,700 fathoms; temperature 
-0:3° C.; thick ooze and rocks. 


6-1-14. Notothenia corviceps. Agar slope. Growth. 
141-14. Chalinura ferriert. Serum. Liquefied (?). 
1,700 fathoms. 
29-1-14. 5 » » (2) Growth. 
17-2-14, aa ae. ~  g 


The cultures which showed no growth were dated “3-12-13, 20-1-14 and 
21-1-14.” | 
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Subcultures were made from the four cultures apparently showing growth. Two 
of these showed no growth on subcultures. The remaining two showed (?) fine growth 
as follows :— 

6-1-14.  (?) Fine growth. Stained ... Slender rods, Gram-negative ; 
larger rods (? mycelium) 
Gram-negative. 
29-1-14. (2?) Fine growth. Stained ... Slender rods, Gram-nega- 
tive, sporing. 

Further subcultures were made, but showed no growth, the organisms having 

apparently died. © 


34, CULTURES FROM PENGUIN GUANO, 

A number of sealed test tubes were submitted containing guano and other material 
which had been gathered on the site of rookeries belonging to the Adelie penguin 
(Pygoscelis adclie). The contents of each of these tubes were treated in the following 
fashion :— 

A tube was opened and a small portion of its contents was emulsified in sterile 
tap water. From this emulsion two agar plates were inoculated in each case; the 
emulsion being thickly smeared over the surface. One plate was labelled “A” and 
the other “ B.” 

From the same emulsion tubes of glucose broth covered with oil were inoculated, 
and also glucose agar slopes, these being grown under anerobic conditions. 

I. Soil near penguin rookery containing guano, Cape Denison. 19-12-13. 
II. Penguin guano, Stillwell Island. 30-12-13. 
III. Penguin guano, Mackellar Islets. 19-12-13. 
IV. Penguin guano and soil from a rookery, Cape Denison. 19-12-13. 
V. Brine and a little penguin guano, Mackellar Islets. 19-12-13. 
VI. Ten penguin guano cultures. | 


All six specimens were secured within or close to Commonwealth Bay, in latitude 
67° 0’ south, longitude 142° 36’ east, approximately. 


I.—Soil, near penguin rookery, containing guano, Cape Denison. 
19-12-13. 
Gritty soil, containing small fragments of guano. | 
Plated on agar. 
Plate A— 
(1) One small, round, creamy colony. Short, moderately thick, Gram-positive 

bacilli. Sporing forms, Gram-negative, stout and oval. 
Several minute golden colonies. Short, almost coccoid, Gram-positive 
bacilli. 

*20218—KE, Vou. VII, Parr 3, 
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Plate B— 
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(1) Two yellow colonies; a Gram-positive, almost coccoid bacillus. 


(2) Two 


creamy colonies; 


degenerated forms. 


(3) Large numbers of minute brownish colonies. 


a Gram-positive, sporing bacillus showing 


These were colonies of a 


Gram-positive, coccoid bacillus, and of a Gram-positive coccus. (B4.) 


Subcultured on :— 


Agar. Serum. Gelatine. Potato. Broth, 

A1|Whitish growth...) Whitish,wrinkled |Scanty down the track; a|/Fine honeycomb| —.........+.. 

pellicle. thin whitish pellicle on} growth. Med- 
Hee surrounding punc-| ium dirty grey. 
ure. 
A2|Fine growth  ...!No growth visible|No change .!No change. (Had| —............ 
; probably died 
out.) . 

B.1/ Dense growth, | Thick yellow|Scanty down the track;|Yellow  growth;| Faint turbidity. 
with golden} growth, digest-] heaped up in centre of] medium has : 
yellow tint. ing the serum. | puncture, and spread-| purplish tinge. 

ing outwards. Yellow. 
B 2) White slimy Greyish  white,/Scanty down the track;|Greyish, . raised| Broth clear above. 
growth. slimy growth. forming a whitish! growth. ‘ 
pellicle at the puncture 
with irregular edges 
and somewhat granu- 
lar-looking. 

B3|Fine, white cvlo-| Very fine growth..| Very scanty down the|No change ...|Slight deposit. 
nies. track; nil on top. Broth clear 

above. 

B 4) Creamy white| Yellow growth,|Scanty down the track,| Yellow growth ...|Turbid; no chain- 
growth. liquefying med-| heaped up at puncture, formation. 


lum. 


creamy yellow. 


IT.— Penguin Guano, Stillwell Island. 30-12-13. 


Hard, dirty, pinkish-white masses of guano. 


Plated. 


A. Two creamy colonies. 


Gram-negative. 


B. No growth. 


Plate later overgrown with mould from sides. 


Gram-positive bacillus; sporing forms short, oval, and 


Agar. 


Serum. 


Gelatine. 


All| Whitish, 


White, wrinkled 
growth. 


Potato. 


Scanty down the track: whitish, 
translucent, opalescent growth 


around puncture. 


Grayish, 


raised 
medium purplish grey. 


growth, 
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IIT. —Penguin Guano, Mackellar Islets. 19-12-13. 
Dirty-white, granular material; a few gull feathers mixed with it. 


Plated. 


A. One small, round, yellow colony; Gram-positive coccus. . 
B. Overgrown with mould from sides. 


Agar. Serum. Gelatine. Potato. Broth. 


> 


Yellow growth ...| Yellowish growth|Scanty down the track;|Yellow  growth,|Turbid; no chain- 
yellow growth around| medium grey. formation. 
puncture. 


IV.—Penguin Guano and Soil from a rookery, Cape Denison. 
19-12-13. ra 
Grit with fragments of guano. 
Plated. - tenting: 
A. Numerous creamy, round colonies. ; 
Four colonies stained; all Gram-positive bacilli; subcultures, sporing bacilli; 
sporing forms shorter, oval and Gram-negative. 
B. Overgrown with mould from sides. 


All subcultures show the following cultural characteristics :— 
Agar.—Abundant greyish-white growth spreading over the surface. 
Serum.—Wrinkled, whitish growth, semi-translucent. 
Gelatine.—Varying degree of liquefaction of the gelatine, forming a cup or funnel- 
shaped depression, the sides lined with a whitish growth. 
Potato.—-Greyish growth, medium dirty-grey colour. 


V.—Brine and a litile Penguin Guano, Mackellar Islets. 19-12-13. 


Whitish, granular material adhering to the sides of the tube as if wet. 
Plated. | 
A. One round yellowish colony; Gram-positive coccus. 
B. One pinkish colony, and mould growing in from the sides. The colony is a 
Gram-positive “ yeast.” 


Agar. Serum. Gelatine. Potato. Broth, 


A | Dense lemon-' Yellow growth ...|Scanty growth down the) Yellow — growth,| Turbid. 
yellow growth. track; growth heaped} medium grey. 
up in centre. of punc- 
ture, and spreading 
outwards, yellow. 


B |Pink growth — ...| Bright pink Scanty down the track,| Pink, raised | Turbid. 
growth. heaped up at top, pink.| growth. 
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VI—Ten Penguin Guano Cultures. 


Ten cultures from guano were submitted, two of which, on agar, and labelled 
“Guano, Cape Hunter, Commonwealth Bay, 22-12-13 and 141-14,” showed no growth, 
and were discarded. The remaining ones showed a growth of Gram-negative bacilli 
thicker than coliform bacilli, occasionally forming filaments, with central or subterminal 
elongated spores. The cultures were—one labelled “Penguin Guano,” and the 
remaining, “ Guano, Mackellar Islets.”” The culture from the first was on gelatine, and 
the remaining cultures were on agar slopes or stabs. 


Subcultures were made on 20-8-14. One was overgrown with mould, one 
showed no growth, and the remaining six showed the presence of a Gram-negative 
sporing bacillus as indicated before. All these were subcultured on agar, serum, 
potato, and broth, and gave the same reactions on the different media :— 

On agar, a whitish filmy growth. 

On serum, a raised, spongy, greyish-white growth. 

The growth on potato was not obvious, but produced a brownish discolouration 
of the medium. 


On broth it formed a whitish, wrinkled film on the surface, with turbidity of the 
broth. 
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Cuapter III. 


COMPARATIVE SUMMARY—BACTERIA OF MAMMALS, BIRDS, AND FISHES. 


THe bacteriological observers of four previous Antarctic expeditions agree on the © 
fundamental fact that the intestinal canal of an Antarctic vertebrate is relatively sparse 
in bacteria. It is sufficient to make smears from the contents in various situations 
roughly to note this phenomenon. To go further and make cultures demonstrates in 
many instances no sign of growth, where in more temperate regions growth would be 
invariable. Dr. Harvey Pirie adds, “ that in a number of instances they (the intestinal 
tracts) appear to be altogether sterile, or, at all events, any bacteria they may contain 
~fail to grow on the ordinary, commonly used nutrient media.” 


It is difficult to believe that the whole of the alimentary tract in any one animal 
should be free of bacteria, especially as the environment of ice, snow, soil and sea teem 
with micro-organisms, according to our limited observations. Certain it is that the 
bacterial flora varies in one respect; according to the kind of food which is digested. In 
the seals, which ingest variable quantities of fish, crustaceans, sea-water, surface plankton 
and débris from the sea-bottom, one would expect bacteria to take their usual part in 
the process of breaking down organic matter. Thus, in the stomach and intestine of the 
many seals, which were killed for food and for scientific purposes in Adelie Land, large 
masses of food, rich in protein, were found. In the lower intestine and rectum putre- 
faction seemed, with due account being taken of the climatic conditions, proportionately 
as active as one finds in the bowel of a warm-blooded vertebrate of a temperate country. 
Again, it is apposite to note that the stomach of seals is infested, almost without excep- 
tion, with nematodes, and throughout the intestine cestodes abound 'in great numbers. 
External parasites, too, are exceedingly common. This generalisation may be made, 
too, of birds which feed on carrion, like the Southern skua gull and giant petrel. The 
skua gull is also a bird of prey. Many specimens of skua gull and giant petrel were 
examined, and internal and external parasites were recovered from them in almost 
every instance. . 


In the case of the penguins, sharing the characteristics of both fish and bird, 
one should make reservations. Gaseous putrefaction is present, but the protein food 
of the penguin does not need the same destructive metabolism. In the stomach of 
this bird one finds mostly crustaceans, with small fish, pebbles and organic débris. 
All the Antarctic penguins eat considerable quantities of snow during the summer 
breeding season. Occasionally in an Emperor penguin, fresh from the sea, the stomach 
is loaded with small whiting-like fish. 

With regard to parasites, it was very common to examine two or three birds 
without finding a single specimen amongst the feathers. On the other hand, nematodes 
were always found in the stomach or intestine and, in the majority of cases, cestodes 
in the intestine. Occasionally in an odd example tape-worms would be found in hundreds 
tight throughout the intestine. | 
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Petrels frequenting the coast of Antarctica may be seen on the wing picking up 
their food on the blizzard-swept patches of open water, or amongst the pack-ice which 
encircles the whole continent. During the summer they come to land—a small outcrop 
of rocks on the icy coast, or an island—and in some crevice lay their eggs and rear their 
young. The birds to which particular reference is made are Antarctic, snow, silver- 
grey and Wilson petrels, though some species of prion and the Cape pigeon live practically 
the same life. One would expect these birds, living in such an aseptic environment, 
to be singularly free from bacteria. Actually their alimentary tract is very clean and 
free from any active putrefaction in comparison with the intestinal canal of a giant 
petrel or an Emperor penguin. One appreciates this fact after searching in many 
specimens for internal parasites. The food of the Antarctic and snow petrels is in the 
main crustaceans; reddish-brown masses of Huphausia which float with the streaming 
sludgy ice in leads of the pack-ice or in the open sea. Small fish have been occasionally 
found in the stomach, and doubtless these birds ingest diatomaceous matter and other 
surface plankton. Like penguins and seals, they have their external and internal 
parasites; but notin great profusion. It is easy to imagine that one may fail to inoculate 
a culture tube, when bacteria are scarce and the ‘platinum needle touches only a few 
points in the relatively large area of intestine. 


Reference has already been made to the fish inhabiting the coastal waters of 
Antarctica. According to Mr. HK. R. Waite’s* description of the fishes of Antarctica, 
they appear to subsist on algee (swallowed with the invertebrates), crustaceans and small 
fishes of the same species. Putrefaction is not apparent as a metabolic process, since 
it would have to occur at a temperature close to the freezing-point of sea-water (29° F. 
approximately). Internal parasites (nematodes in particular) live in myriads throughout 
the intestine, invading the muscles in some cases. Nematodes were often found in 
the liver of the fish in Adelie Land. At Macquarie Island the “cod” were not edible 
on account of their muscles being full of parasites. Of course bacteria are present; 
restricted in numbers. Mlle. Tsiklinsky, in the illuminating account of her investigations, 
has made findings of great interest. Two of our cultures from Notothenix gave positive 
results, and a living culture (a Gram-negative, sporing bacillus) survived from a fish 
taken in the deep-sea trawl at 1,700 fathoms. It was examined as a subculture in 
Australia. 


To illustrate the disparity in the results obtained by bacteriologists in Antarctica, 
Dr. Harvey Pirie, of the Scottish National Expedition, sums up :—‘“‘ Dr. Ekeléf obtained 
a bacillus twice from intestinal contents of skuas, but failed to get any growth from the 
same species on other occasions, and also could get no growth from Adelie penguins, 
gentoo penguins, terns (Sterna hirundinacea) or cormorants (Phalacrocorax atriceps). Dr. 
Gazert, from Weddell seals, crab-eating seals, and sea-leopards always obtained bacteria 
in the large intestine; more rarely in the small intestine and stomach. In the stomach 
and intestinal contents of the following birds, he found no bacteria, either by aerobic or 


* Australasian Antarctic Expedition. E. R. Waite. Fishes. Series C., Vol. III, Part I, p. 22. Adelaide, 1916. 


/ 
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anaerobic cultivation :—King penguins, Adelie. penguins, Antarctic petrels, snowy 
petrels, terns (Sterna hirundinacea), and a species of Priofinus. Only from one tern 
and one Adelie penguin were growths obtained, and in neither case could fallacy from 
accidental contamination be excluded. Dr. Charcot reports that the examination of 
fecal matter from the intestines of various seals, birds and fishes showed the presence 
of numerous and various bacteria, in smaller numbers, however, than in temperate 
regions. He brought home a number of live cultures from seals, gulls, penguins, petrels, 
and fishes, from which Mlle. Tsiklinsky was able to isolate in pure culture twenty-four 
species of bacteria, of which fifteen could be identified with well-known forms, the others 
being apparently new species or varieties. ‘Those from the fish, in particular, appeared 
to be very polymorphic and indefinite in their characteristics.” As a preface to this 


~ highly interesting and important generalisation, made in 1912, Dr. Harvey Pirie makes 


a bare statement of his own findings :—** Growths of one or more species of bacteria 
were obtained from the alimentary tract of thirteen of the twenty species examined; 
from three of the four species of seals, and from ten of the fifteen species of birds.” 


We may add the following summary, from work on the limited field of animal 
life to which we had access :-— 


Cultures were successfully grown from the alimentary tract of nine out of thirteen 
vertebrates examined; from two species of seals, five species of birds, and from two 
species of fish. In addition one should add :— 


(a) Growths, yielding two organisms in pure culture, appeared from the nose and 
throat of both the Weddell and the crab-eater seal. 


(b) Many cultures were made from wounds of Weddell seals. Six original and 
two subcultures were carried back to Australia and examined there. 


(c) Examples of penguin guano, taken from six different situations in Adelie Land, 
yielded in Australia various bacteria; four organisms being isolated from one 
specimen. 


(d) Cultures made from a tern, a prion, a silver-grey petrel, a Ross seal, and from a 
holothurian, obtained in the deep-sea trawl, gave negative results. 


To come down to details and to make comparisons, the findings in the case of 
seals have been positive and consistent. For example, Mlle. Tsiklinsky has tabulated a 
list of nine organisms recovered from the intestinal contents of Antarctic seals; five 
bacilli, three cocci and a sarcina. Their characters on various media have been minutely 
described and contrasted. This observer isolated three Gram-positive, sporing bacilli 
of various types, which, according to their biological and morphological characters, 
are to be placed in the group of Bacillus subtilis mesentericus. It may be stated that, 
as a result of our findings during 1912 in Adelie Land, bacilli of a type similar to Bacillus 
subtilis mesentericus were very frequently found; so frequently that the colonies were 
occasionally treated as real growths and not contaminations, since, in many instances, 
the culture tubes had been previously incubated for twenty-four hours without growth, 
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and rigid antiseptic precautions had been taken in making the inoculations. Sporing 
bacilli and moulds flourished in the Hut, even at a temperature below freezing-point. 
But so often, particularly in cultures from the rectum of the Weddell seal and skua 
gull and from frozen alge, were fusing colonies (on agar) obtained of a dense, dry; 
adherent, wrinkled, white or brownish character, which was invariably a sporing bacillus, 
that we were inclined at length to regard it as a bond fide growth. Similar cultural 
appearances were noted by Mlle. Tsiklinsky. Dr. Harvey Pirie discovered very stout, 
round-ended, Gram-positive bacilli, arranged in pairs, end to end, in the intestine of a 
sea-leopard, but as they were in the smear from a growth of mixed bacteria the appearance 
of the colonies is not described. 


With regard to the other two bacilli, found by Mlle. Tsiklinsky, one is a new 
species, and the other belongs to the Bacillus coli communis group. Dr. Harvey Pirie 
notes Gram-negative bacilli in the intestine of the Ross seal and the sea-leopard, and 
Dr. Gazert speaks of “ slender bacilli” in the colon of the crab-eater seal and “ bacteria”’ 
In the colon of the Weddell seal. As a result of an examination made in Sydney of 
coliform organisms, belonging to the Weddell seal, crab-eater seal and skua gull, and 
derived‘from cultures originally made in Antarctica, it was established, as a result of 
their reactions on five “sugars,” that they fell into the Friedlander-Neapolitanus 
group. The lower intestine of the Wanderer albatross contained an organism showing 
the same reactions. 


Among the cocci, Mlle. Tsiklinsky claims a new species in a large Gram-positive 
organism with fine, transparent colonies, and identifies, as well, Staphylococcus albus 
cereus. The third coccus is small and Gram-positive, secreting a lemon-yellow pigment. 
Dr. Harvey Pirie found Gram-positive cocci, both in the intestine of the Ross seal and 
in that of the sea-leopard, as well as Gram-negative bacilli showing bipolar staining. 
In the Bacteriological Log we have noted in mixed growths bacilli with bipolar staining, 
cocco-bacilli and cocci; and, since returning to civilisation, have grown an organism 
from granite sand following in almost every reaction Mlle. Tsiklinsky’s pigment-secreting 
coccus. In Adelie Land, coarse granitic gravel, mixed with a little sand, together with 
slowly decomposing organic material, make up in certain localities on the shallow sea- 
bottom a mud which we often found mixed with pebbles in the stomach of Weddell 
seals. It is not surprising, therefore, that this coccus should have been present in 
‘seals’ excrement gathered during Dr. Charcot’s expedition. Again, a Gram-positive 
coccus, showing lemon-yellow growth, varying in slight particulars from the above, was 
present in frozen spray, incorporated with a little penguin guano, gathered on the 
Mackellar Islets, off the mainland of Cape Denison. The bacterium may have been 
derived from the intestine of an Adelie penguin or have been present in the sea-water. 
In case the latter were true, the organism may be easily accounted for in the intestine 
of a seal. 


With regard to penguins, there.is no lack of evidence to show that bacterial life 
is prolific in the alimentary tract. We were able only to make cultures from the Adelie 
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penguins inhabiting the rookeries within Commonwealth Bay, Adelie Land, but Dr. 
Harvey Pirie obtained results in the case of the Emperor penguin, the ringed penguin 
and the gentoo penguin. Mlle. Tsiklinsky does not specify the kind of penguin from 
which Dr. Charcot took his specimens. 


Two Gram-negative bacilli, one of which is new to science, were isolated by the 

last-named observer. The known organism belongs to the Bacillus pyocyaneus group 
and was found to possess pathogenic properties; a fact of peculiar interest. From 
‘the Emperor penguin, Dr. Harvey Pirie obtained short and long bacilli, and in a mixed 
growth a Gram-negative coccus or cocco-bacillus and fine, motile bacilli emanating a 
strong feecal odour. The ringed penguin showed large, Gram-positive cocci and the 
_ gentoo penguin, Gram-negative cocco-bacilli and Gram-negative strepto-bacilli. 


In Adelie Land, during a period when Gram’s stain was not accessible, the following 
notes were made in the Bacteriological Log of bacteria grown in culture from the Adelie 
penguin :—(1) Rectum—short, stout bacilli with bipolar staining; (2) Rectum—long 
and short, stout and curved bacilli; (3) Rectum—long and short, stout bacilli; (4) 
Intestine—cocci and coliform bacilli; (5) Intestine—slender bacilli in short chains and 
coliform bacilli; (6) Intestine—long, stout bacilli; (7) Lower intestine—long and short, 
slender rods; (8) Frozen excreta—cocci and coliform bacilli; (9) Cocei and cocco-bacilli. 
In two instances, not noted in the Log, a heavy faecal odour was present in glucose shake 
cultures, which had become disrupted by the formation of gas-bubles. From these 
rough observations, and the fact that putrefaction and gas-production are normal 
phenomena in the intestine of penguins, it seems highly probable that species of Bacillus 
colt communis inhabit the lower bowel, just as they do in the proven cases of the seals 
and skua gulls. Cocci may be ingested in the snow which the penguins eat during the 
Antarctic summer. Gram-positive cocci were frequently found in uncontaminated 
snow and ice. il, 


Unfortunately the single tube showing growth, of four original cultures carried 
back to Australia, dried up before subcultures could be made. However, from six 
specimens of penguin guano gathered in various situations at Commonwealth Bay, an 
assortment of organisms was obtained at the Bureau of Microbiology, Sydney. On 
four occasions, Gram-positive, sporing bacilli (possibly of two species) were isolated ; 
once a Gram-positive coccoid bacillus, three times, Gram-positive cocci (of two species 
at least) once, a Gram-negative, sporing bacillus, and once a Gram-positive “‘ yeast.” 
The Gram-positive, sporing bacilli, in three instances, were unique in 1 having stout, short, 
oval, Gram-negative, sporing forms. 


Actually these specimens of guano, although gathered in sterile test tubes, were 
not pure examples of dried penguin feces. Gritty soil and small feathers were present 
in several of the tubes, as well as the dry, dirty pink or greyish flakes which are to be 
found caked together in old rookeries. Then, too, one should consider the contamination 
of bacteria from melting snow and from the organisms which stream down in the thaw- 

*20218S—F Vou, VII, Parr 3. 


49 AUSTRALASIAN ANTARCTIC EXPEDITION. 


water from higher levels of the rookery. So that, to make the most extreme supposition, 
bacteria from the scanty granite sand, lichen soil, moss soil, morainic mud, alge, snow, 
ice and sea-water (frozen spray) may all have been added to those already existing in 
the guano. 


Thus certain of the cocci may be accounted for, since they were often found in 
cultures made from ice, snow, alge, granite sand and morainic mud, while “ yeasts ” 
were grown from ice, sea-water, lichen soil and moss soil. Finally, a Gram-positive 
cocco-bacillus, similar in cultural characters to the above, was present in morainic mud. 


One fact to signalise is that Bacilli coli communis, thermophilic in habit, do not 
seem to have survived in a single specimen of guano, and, as one might have expected> 
sporing bacilli have resisted the extreme cold (probably never lower than —40° F.). 


There is no dearth of bacteria in the intestine of the Antarctic skua gull. 
Dr. Ekel6f obtained a bacillus twice from this bird, and Dr. Harvey Pirie encountered 
a large Gram-negative coccus or cocco-bacillus and a Gram-negative bacillus showing 
spindle-shaped involution forms. Mlle. Tsiklinsky, in an Antarctic “gull” (pre- 
sumably Megalestris antarctica) found a short, thick, Gram-positive bacillus of a new 
species, and small, Gram-positive staphylococci. The notes from our Bacteriological Log 
distinguish in cultures :—(1) Bacilli of a coliform type both in the small intestine and 
rectum; (2) long and short, stout bacilli, some in short chains, some sporing; (3) long 
and short, stout, sporing bacilli; (4) small, slender, sporing bacilli; (5) cocco-bacilli. 
Later, in Australia, eight growing cultures were investigated, with the result that a 
coliform organism of the Friedlander-Neapolitanus group was recognised, and sub- 
cultures isolated a large Gram-positive bacillus. 


Thus the bacteriological researches of four expeditions have demonstrated in the 
skua gull at least seven different organisms (including bacteria of a coliform type and 
sporing bacilli), Unfortunately in only three instances have the cultural characters 
of these bacteria been more or less fully worked out. Enough, however, has been 
discovered. to leave an ample field of investigation for a future student and to give him 
more than a hint of his probable findings. 


One will not be surprised that the petrels of Antarctica have yielded a scanty: 
flora, and, in illustration, we merely quote some negative results. 


Dr. Harvey Pirie failed to obtain growth in four instances. Dr. Gazert found 
nothing in aerobic and anaerobic cultures from the Antarctic and snow petrel: in 
cultures made in Adelie Land and carried back to Australia (two from the Antarctic 
petrel, three from the silver-grey petrel, and four from the snow petrel) there was a fine 
growth in one tube, but the organisms had died by the time they were examined in 
Sydney. In this connection, it may be mentioned that seven inoculations we made 
from a new species of prion produced no colonies, and of two from a tern, one gave a 
fine growth which did not survive. Dr. Harvey Pirie records a similar experience with 
Cape pigeons, Wilson petrels, terns, and sheath-bills; all birds which frequent the 
Antarctic zone. 
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In a mixed growth from a giant petrel, Dr. Harvey Pirie found Gram-positive 
cocci and Gram-positive and Gram-negative bacilli. In common with Mlle. Tsiklinsky, 
he mentions a large, Gram-negative cocco-bacillus, and the former adds a Gram- “Positive, 
sporing bacillus of the Bacillus subtilis mesentericus group. 


We may summarise the notes of cultures from Antarctic and snow petrels in the 
Bacteriological Log :—Lower Intestine—(a) Cocci and cocco-bacilli; (b) long and short 
bacilli; cocco-bacilli; (c) cocci; (d) staphyloccocci (white in culture). Rectum—(a) 
Staphylococci (white in culture). Small Intestune—(a) Large cocci and cocco-bacilli; 
_(b) cocci; (¢) cocco-bacilli;. (d) slender bacilli; (e) large cocci; (f) a “ yeast”; (g) cocci; 
(h) a “yeast.” Thus the large cocco-bacilli re-appear once more, while Dr. Harvey 


~ Pirie has isolated from the intestine of a snow petrel Gram-positive staphylococci (white 


in culture), which are probably identical with those we found in the rectum and lower 
intestine of the Antarctic petrel. 


No observer has yet claimed a species of Bacillus coli communis in the intestine 
of these petrels, though it is highly probable that they exist in the carrion-feeding giant 
petrel. It will be a point of no common interest definitely to establish whether these 
-sea-birds of the southern high latitudes harbour bacteria of a coliform type. 


. From the excrementa of Antarctic fishes Mlle. Tsiklinsky has isolated a large 
‘number of bacteria with a marked tendency to polymorphism. Five bacilli, separate 
;n cultural characters, exhibit involution and change of form in such an extraordinary 
degree that this observer thought at first that her cultures were impure :—‘ L’observation 
microscopique des préparations, faites avec des cultures préalablement isolées 4 plusieurs 
Teprises, nous a donné d’abord l’impression que nous avions aftaire 4 des cultures impures 
et que la nécessité de continuer l’épuration s’imposait. Aprés quelques expériences de 
ce genre, nous avons cependant conclu qu'il s’agissait des microbes tendant fortement au 
polymorphisme.”” Again, experiments showed a number of common characters: they 
are readily stained by aniline dyes, they conserve their stability during many months 
and do not need to be subcultured, they do not form spores, they grow well in media 
‘containing as large a proportion as 3 to 4 per cent. of sea-water salt and sodium clatter, 
and at a temperature in the valley of 0° C. 


It appears that Fischer in his aienralites on the bacteriology of sea-water and 
marine mud—prior to those of Mlle. Tsiklinsky—isolated bacilli with a strong 
resemblance to the above, and concluded in his generalisation that they had an extra- 
ordinary tendency to assume polymorphic forms; ,further, that they grew well on 
media containing 3 to 4 per cent. of the salt of sea-water and. at a temperature. close 
to 0° C. 


Mile. Tsiklinsky includes in her tabulated list of bacteria found in the excrement 
of fishes, small and large, Gram-positive staphylococci and two species of “ yeasts ” 
which were found to flourish in media containing 3 to 4 per cent of marine salt and at 
a temperature of 0° C, 
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Dr. Harvey Pirie records negative results in two cultures from the intestine of 
Notothenia corvceps. ; 


Dr. Gazert found bacteria (no nitrifying or denitrifying organisms) on the slime 
of the skin of a Notothenia, and on one occasion obtained growth from four samples of 
the contents of stomach and intestine. Again, from a species of Lycodes, bacteria were 
again cultivated from the slime of the skin and were present in the contents of the 
stomach. No nitrifying or denitrifying organisms were grown. 


The Bacteriological Log notes a few slender bacilli, long and short in one culture 
from the intestine, and large cocci in staphylococcal masses and some cocco-bacilli 
in another culture from the rectum of Notothenia coriiceps. Later, eight cultures from 
fish were examined in Sydney; four of these showed growth. Slender, Gram-negative 
bacilli and larger, Gram-negative bacilli forming a (?) mycelium appeared in a: culture 
from the rectum of Notothenia coriiceps and slender, Gram-negative, sporing bacilli 
from the rectum of Chalinura ferrieri, recovered by the deep-sea trawl at a depth of 
1,700 fathoms. The growth on agar, in either case, was fine and did not thrive in sub- 
cultures. 


Finally, reference should be made to the indirect evidence supplied by smears 
made from intestinal contents of mammals, birds and fish (Chapter I). It is apparent 
from this list that bacteria were fairly numerous in almost every smear examined; 
from the stomach, small intestine and rectum of various species. 


Coliform bacilli and Gram-negative, sporing bacilli were seen in the intestine 
of the Weddell seal, sea-leopard, giant petrel and skua gull. The bacterial content 
in each instance was high. 


Probably the Emperor penguin and the Adelie penguin harbour organisms 
similar in species to Bacillus coli communis. 


As to the petrels—Antarctic, snow and Wilson petrels, and a species of prion— 
bacteria are certainly present, in reduced numbers. Gram-positive micrococci and 
Gram-negative cocco-bacilli were found in every case, while Gram-positive and Gram- 
negative bacilli were often to be seen, and in the rectum of an Antarctic petrel there 
were bacteria very similar to Bacillus coli communis. 


In the codfish there was an interesting assortment of organisms; their number 
being fairly high in the intestine. 


Almost without exception, Gram-positive cocci or micrococci occurred in smears 
from animals of ten species. 
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CHAPTER IV. 


~ CULTURES FROM ICE, SNOW, SOILS AND MARINE MUD. 


Tue following observations are extracted, verbatim or in summary, from the records of 
the Bacteriological Log :— 


Ick (INCLUDING FROZEN ALGA! AND FROZEN SEAWEED). 
Frozen Alge. 


9-5-12. Frozen alge from a thaw-pool on a rocky ridge 150 feet above the 
‘sea were secured. This particular situation was not frequented by penguins. The 
__ ice had a dirty greenish tinge. 


On thawing out a small fragment on a slide and putting on a coverglass, many 
filamentous, green alge, diatoms of various forms, protozoa and bacteria (cocci and 
bacilli) were seen. A smear was stained by Leischmann’s method. 


A chained bacillus was observed, non-motile, with nodular, deeply stained areas, 
in the form of filaments of varying length consisting of rods, oblong and block-like in 
outline, approximated end to end. There were a few micrococci and diplococci; no 
rotifera. 


11-5-12. A serum agar slope, after 60 hours at 37° C., shows a pale, glistening, 
‘somewhat waxy growth spreading slowly. Numerous bacilli, long, short and a few 
chained. 


After 72 hours at 37° Ch this culture became infected with mould and was dis- 
carded. 


25-5-12. A cover-slip preparation was again examined... Besides alge, diatoms, 
infusoria and rotifera, there were bacilli in large numbers, some single, short and rod- 
like, others longer and chained. The short, single bacilli were capable of more active 
movement than the long forms. Propulsion, flexion and straightening were executed ; 
in the case of the first-named, by the aid of minute cilia or flagella observed with a 
415 inch objective. | 
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Methylene blue was allowed to run under the cover-glass and the bacteria and 
other micro-organisms immediately took up the stain. The chained bacilli were 
characteristic in appearance. They had very distinct, nodular dark markings, pro- 
ducing in some cases a spotted or barred appearance. 


25-5-12. Cultures were made on various media. To prevent contamination, 
the following method was used:—Small lumps of ice, freshly procured in a sterilised 
canvas bag, and at an outside temperature of 10° F., were dipped with sterilised forceps 
into boiling water until they had almost thawed away, when the pieces were dropped 
into culture tubes of serum agar, nutrient agar, glucose agar and gelatine. 


Two of these cultures became infected by a wrinkled growth which recalled 
Bacillus subtilis and were discarded*. The gelatine, which was sloped, had a white 
growth; cocci in staphylococcal masses, and slender, bacillary rods (4p to 7p in length) 
in short chains, with deeply stained areas. 


The serum agar culture was examined after eight days. The lower part of the 
medium was commencing to liquefy, but on the upper part there were a few, minute, 
white, papilla-like colonies. Cocci, motile, 1:84 in diameter, discrete and adhering 
in short chains. Bacilli, motile, in the form of slender rods varying from 2: 8 to 
9-7p in length; many curved or aggregated in short chains, apparently sporing. 
Coccoid or oval bacilli were also present, 2-1 in length. 


8-6-12. A cover-slip preparation of frozen alge showed actively motile bacilli, 
2u to 4u in length, chained bacilli, micrococci and diplococci. 


A serum agar culture (after four days at 20° C.) had a whitish, wrinkled, some- 
what adherent growth. — Cocci, and diplococci with bacilli (34 in Iength on the MAES) 
showing short chains. Subcultures were made. 


After three days at 20° C., a serum agar slope has become covered with a white 
wrinkled, adherent growth.+ Bacilli in rods, about 3p in length, and te in width, 
chains or two or three. 


15-6-12. A culture of frozen algee on a gelatine slope (after three days at 20° C.) 
appears as a filmy, greyish’ growth with much liquefaction of the medium. Short, 
stout bacilli, slender, chained bacilli, cocei and diplococci. os 


19-6-12. A cover-slip preparation of frozen alge (stained by Gram’s method) 
shows Gram-positive cocci and diplococci, Gram-negative, chained bacilli and a few 
Gram-positive bacilli. 


17-9-12. In a cover-slip preparation were observed diatoms, unicellular alge 
and bacteria. The film was stained by Gram’s method and counter-stained with carbol 
fuchsin. | Gram-positive cocci and diplococci, associated with numerous Gram-negative 
bacilli. 


* In view cf the results of Mlle Tsiklinsky’s resea Fate ee cultures may have been bond fide growths of a species 
of Bacillus subtilis mesentericus. 


+ Very probably the Gram-positive, s poring bacilli found in Australia to grow constantly from dried alge, 


ee ee eee 
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Frozen Seaweed. 


18-6-12. The specimens of frozen seaweed were obtained near the bottom of 
an ice-shaft, 12 feet deep, which was sunk in the glacier some 30 or 40 yards from the 
sea. In the cross-section of the ice, from above downwards, one could observe the 
transition from a structureless, bluish zone through a more stratified and crystalline, 
deep blue layer, to a yellowish and dark brown stratum near the bottom. Pieces of 
ice chipped from the last-named area were seen to contain pinkish and deep brown 
masses of weed; and there was a strong, saline odour like decaying seaweed, most 
noticeable when one stood in the bottom of the shaft. ) 


A small fragment of the ice was thawed out, and under a cover-slip was seen to 
contain protozoa and numerous bacteria; motile bacilli (some chained), micrococci 


and diplococci. Stained by Gram’s method and counter-stained with carbol fuchsin, 


the bacteria were seen as Gram-positive cocci and diplococci, short, stoutish Gram- 
negative bacilli and longer, Gram-negative bacilli. 


19-6-12. Another smear from frozen seaweed contains numerous Gram- 
positive cocci and diplococci, long, stout, Gram-negative rods and more slender, Gram- 
positive bacilli. 

After 48 hours at 18° to 20° C., there is a pale liquid growth, sister yellowish 
in tint and viscid i in consistency, along the course of a stroke on serum agar. Gram- 
negative bacilli (3 to 5. in length and -7, in width); a few long and curved. 

“A gelatine culture appears as a pale, glistening growth with a fringed edge; no 
liquefaction observed. Gram-negative, slender bacilli of varying length; some long. 
and curved; a few short chains. 

-A subculture on glucose agar (grown at 37° C.) has a greyish white, luxuriant 
growth of cheesy consistency ; bacilli, short, long and curved. : 


An anzerobic culture on glucose agar shows no perceptible growth, ‘Hhaseeh gas 
bubbles have disrupted the medium. 


Morainic Ice. 


The above term is applied here to specimens of ice gathered 1 in the vicinity of 
the terminal moraine. ‘The glacier ice in this situation is guttered by channels in 
which runs thaw-water 2 knits the summer time. ‘This water is discoloured by the 
mud which is borne by the glacier. Everywhere there are particles of grit and sand 
and accretions of mud and rock scattered throughout the blue ice. ~ 


67-12: ‘In the smear from’a cover-glass preparation were observed protozoa, 
Gram-positive cocci and diplococci, and a few Gram-negative bacilli (none longer than 
4). ‘na 

- Glacier ice,-one quarter of a mile south of the Hut, in which there were embedded 
a few stones and pebbles, contained, besides protozoa, Gram-positive cocci and diplococci 
and a few Gram-negative bacilli. 
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After 24 hours at 18° to 20° C., on a serum agar slope there are discernible, growths 
of two kinds :— ! 


(a) Discrete, circular, white colonies. 


(b) A wrinkled, adherent, whitish growth spreading rapidly and. drying in the 
centre; identical with a growth made from frozen alge and described on 
86-12 in a footnote as probably Gram-positive, sporing bacilli, 

(a) Cocci and diplococci in masses. 


(6) Stoutish bacilli of varying size, mostly about 3u to Ty, some slender, some in 
short chains. 


A glucose shake culture is full of gas bubbles which invade and break up the 
medium; fine dot-like colonies. Bacilli of varying size similar to (0). 


Glacier Ice (Magnetic Shaft and Cave.) 


Specimens of glacier ice were procured from a shaft and cavern cut into the 
steep slope of the glacier, 1,105 yards south-south-east of the Hut, and at an altitude 
of 300 feet above the sea, in a place where the chance of contamination from guano or 
morainic mud was very remote (Plate 20). The prevalent wind, averaging 50 miles 
per hour throughout the year, blows almost constantly from the south, and the 
terminal moraine is at least 900 yards down the glacial slopes. In this situation the 
ice is sky-blue in colour and wind-swept. The fragments of ice were chipped out of 
the wall of the shaft, 6 feet below the surface—the ice here is of a deep azure colour— 
and carried to the Hut in sterilised canvas bags. The air temperature outside was 
well below zero Fahrenheit. 


8-7-12. A cover-slip preparation shows small motile infusoria, some vermicular 
organisms and a few bacilli, one with bipolar markings (when the slide was stained). 


Cultures were made on agar slopes, previously incubated, for 48 hours, as one 
batch of tubes had to be discarded owing to contamination by mould. From 8th 
July, 1912, onwards, culture tubes were incubated for 24 hours or longer, prior to 
making inoculations. | | 


11-7-12, A serum agar culture, after 24 hours at 37° C., has a single, pale, circular 
colony. Cocci and diplococci in staphylococcal masses. 


, An agar slope shows six small, pale, circular colonies, after 24 hours at 37° C. 
Cocci and diplococci in staphylococcal bunches. 


On another part of the slope is ‘a greyish white, pitted growth with liquid drops 
on its surface, A stout, chained, sporing bacillus (length of separate bacilli, 2-17p 
to 4:34 4), associated with a slender chained bacillus, non-sporing. 


On a glucose agar slope there is a rapidly growing, pitted, greyish growth with a 
tendency to form liquid drops on the surface. A chained, sporing bacillus similar to 
that found in the previous culture. Subcultures were made, 
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12-71-12. Serum agar slope. After 48 hours at 37° C., there is well-marked 
growth appearing along the course of two strokes, in the form of dull, opaque, light 
brown smears, corrugated and pitted. Chained, sporing bacilli. 


Glucose agar stab. Numerous air-bubbles along the course of the stab with a 
somewhat flocculent growth; pellicle of dense pitted growth. Chained, sporing bacilli 
and yeast torulz. 


An agar stab shows air bubbles along the stab and flocculent growth. Chained 
sporing bacilli. 


An aneerobic subculture became contaminated by mould. 


~~ 20-7-12. The glucose agar stab (11-7-12) has been covered by a viscid growth 


like blanc mange, in appearance, which caps the stab and upper part of the medium. 
A Gram-positive “ yeast’ and mycelium. 


5-8-12. To preclude any chances of contamination from surrounding objects, 
an excursion was made to the cave for magnetic observations on the glacier, 300 feet 
above the sea, in order that culture tubes might be inoculated on the spot instead of 
of the ice being carried, for this purpose, to the Hut in sterilised canvas bags or glass 
tubes. Various precautions were taken. 


The culture tubes had been previously incubated for 24 to 36 hours without any 
signs of growth appearing. These with a spirit lamp, platinum needle and a pair of 
forceps were taken up the glacier to the cavern. Outside the entrance a good deal of 
drift-snow had collected, and several culture tubes were inoculated with particles of 
snow. Inside the cave the spirit lamp was lighted, and the point of an ice-pick sterilised 
by heat. . A deep cleft was then cut in the blue ice, which shelved and broke away in 
large masses. The ends of the forceps were sterilised by heat, and minute chips of 
ice were transferred to culture tubes of serum agar and nutrient agar, sloped. 


The media had frozen, of course, as the air temperature stood at -15° F.; the 
velocity of the wind outside being 50 to 60 miles per hour. The media thawed out 
once more when they were replaced in the incubator, but, owing to the dryness of the 
air, there was very little water of condensation.. 


It may be of interest to note that amongst the ice and snow in the vicinity of 
the Hut and the rocky outcrop of Cape Denison small gritty particles of granite sand 
and smaller foreign bodies, just visible with a hand-lens of six diameters, are sparsely 
distributed. | With the exception of penguin guano, generally caked or in small flake, 
when dried, and a small amount of morainic mud as dry dust in situ, there is nothing 
to contaminate the glacial slopes south of the Hut beyond the falling snow containing 
dust, and, possibly, free dust-motes which have travelled by lofty air-currents from a 
lower latitude. The wind of high velocity, comparable to a torrent of air, apparently 
rushes down from the continental plateau year after year. It is true that there are 
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short periods of calm when gusty winds and occasional whirlwinds come:from the north. 
And in the summer, of ten to twelve weeks’ duration, light north-westerlies EY prevail 
for a day or more; but such occurrences are the exception. 


So that beyond the infrequent whirlwinds, which track about irregularly, there is 
no aerial agent which could grossly contaminate the upper slopes of the glacier south of 
Cape Denison. And it may be noted in this connection, that after a methodical 
examination with a hand-lens of six diameters over the surface of the glacier south of 
the Hut, one could positively say that foreign bodies were distributed sparsely up to 
and a little beyond the terminal moraine, but that, on passing a level of approximately 
150 feet and mounting the first steep rise, foreign bodies could not be seen. It should 
be remembered, of course, that the ice in the vicinity of the terminal moraine—about 
100 feet in thickness—consists of basal strata which have passed over the underlying 
land, for, maybe, hundreds of miles, and are therefore dotted with specks of soil, particles 
and lumps of rock. The upper strata have travelled, possibly for great distances, 
always in a slow transition from compacted, fallen snow through the stage of névé to 
blue ice, and always moving with the slow northward surge of the continental glacier. 


7-9-12. Magnetic Cave—lIce cultures were examined, after 48 hours at 37° C. 
Agar slope—Doubtful minute colonies. 
Serum agar slope.—No growth. 
Glucose agar slope.—Several doubtful, elevated, pale colonies. 


After 96 hours at 37° C.:— 
_ Agar slope. Fine, pale colonies fusing. Slender bacilli up to vp in length ; 
micrococci and diplococci. 
Serum agar slope.—Greyish white colonies fusing in a fine growth. Slender bacilli 
up to 4 in length. 
Glucose agar slope—Minute greyish colonies. Slender bacilli. 
Examined a few days later, the serwm agar slope was found to contain slender 
bacilli as well as a “yeast,” 


No further growth occurred and subcultures were not made. 


15-7-12. Glacier Ice (200-300 yards south of the Hut)—Cover-slip preparations 
of surface ice show cocci and diplococci, motile bacilli and protozoan organisms, 


Glacier Ice (500 yards south of the Hut)—A cover-slip preparation of surface ice 
shows motile bacilli of varying size, oval organisms like a “ yeast,” cocci and protozoa. 


7-9-12. Glacier Ice (1,000 yards south of the Hut, altitude about 300 fect).—In a 
cover-slip preparation of surface ice there are yeast-like organisms, protozoa, numerous 
actively motile bacilli (2u to 6 in length), slender and stout, straight and curved, 
and cocci and diplococci (encapsulated and motile). 
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7-9-12. Glacier Ice (1,100 yards south of the Hut, altitude about 300 feet).— 
Cultures, previously incubated, had been made on the previous day from surface ice. 


Glucose agar-slope (1).A fine, somewhat reticulated, greyish white growth. Cocci 
and diplococci. 


Glucose agar slope (2).—A pale, glistening smear. Cocci and diplococci in staphy- 
lococcal masses. 


9-9-12.—The reticular, greyish white growth has spread. Cocei and diplococci, 
with short, stout bacilli. 


No atlnavitineras were made. 


17-7-12. Glacier Ice (1 mile south of the Hut, altitude 600-700 feet).—A cover- 
glass preparation shows encapsulated micrococci and diplococci, protozoa, yeast-like 
bodies, but no bacilli. Culture tubes, previously incubated, were inoculated. 


Serum agar slope.—After 24 hours at 37° C., minute, pale, circular growths were 
seen. After 48 hours appeared (a) pale, circular colonies growing slowly, as well as (0) 
a greyish white, fine, fused growth. | 


(a) Gram-positive cocci and diplococci in staphylococcal masses. 


(b) Gram-negative, rather slender, chained. bacilli. 


‘17-7-12. Glacier Ice (2 miles south of the Hut, altitude 1,000 feet)—A cover- 
glass preparation of surface ice shows encapsulated cocci and diplococci and numerous 
bacilli, some slender and short, others stout and constricted so as to be like diplococci 
in appearance, while a few are longer and curved. The bacilli and diplococci are motile. 
The protozoa, stained with methylene blue, have a faint nuclear structure. 


Agar slope (previously incubated) has (a) a few pale, circular colonies on the upper 
part of the slope, and (b) an adherent, pitted, whitish growth. : 


(a) Short, stout, Gram-negative (?) bacilli or cocco-bacilli; the constricted and 
dividing forms being very similar to diplococci. 


(6) A Gram-negative stout bacillus showing short and long forms. Note.—Probably 
the Gram-positive sporing bacillus of frozen algee which tends to retain Gram’s 
stain only in early cultures. 


18-7-12. Serwm agar slope.—Glistening white, small, circular colonies.. Gram- 
positive micrococci and diplococci, single and in staphylococcal bunches. ' 


19-7-12. A subculture from the agar slope of (a) shows on serum agar a pale, 
fine smear growing slowly. A Gram-negative (?) short bacillus or cocco-bacillus; some 
forms being very similar to a diplococcus; maximum length, 2. ees This: culture 
extended slowly for a few days and then dried, 
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Subcultured on serum agar and glucose agar, this growth extended in much the 
same way. It was visible as a greyish white, fine smear, with a fringed periphery. 
Separate, circular growths were pale white in the centre, with a dull, fringed circum- 
ference. 


Several later subcultures became infected with mould. 


1-8-12. One agar slope subculture has a pale, fine growth similar to the preceding 
and several pale yellow drops on the surface of the medium. The latter stains as a 
Gram-positive ‘‘ yeast.” 


16-9-12. Glacier Ice (5 miles south of the Hut, altitude 1,500 feet)—A sledging 
party returned with specimens of ice in sterilised canvas bags. These had been 
procured while digging a sub-glacial cavern, “‘ Aladdin’s Cave,” 5 miles south of Winter 
Quarters, at a height of 1,500 feet above sea level. Among the specimens were some 
chipped from the surface and others from depths of 4 and 7 feet. Cover-slip preparations 
were made from them and culture tubes inoculated immediately after the party had 
arrived. It should be mentioned that “‘ Aladdin’s Cave” is at an altitude where the 
steeper glacial slopes give place to a more level expanse of blue ice, mounting in long 
waves for a distance of 3 miles, approximately, to the sastrugi fields which rise gradually 
towards the poles. The south magnetic pole, at an altitude of about 6,000 feet, lies 
some 350 miles to the south-south-east; the south geographical pole at an altitude of 
10,000 feet, about 1,500 miles true south. As proved by later explorations of the 
Australasian Antarctic Expedition in the vicinity of the south magnetic pole, and in an 
eastward and westward direction, there are apparently no rocky exposures in the form 
of nunataks from which soil containing bacteria may be scattered by the wind over the 
surface of the plateau. The mean annual temperature at ‘“ Aladdin’s Cave”’ is below 
zero Fahrenheit, and the annual wind velocity is more than 50 miles an hour. The 
thickness of the ice is probably not greater than 120 feet. 

Surface Ice—On thawing out a small fragment of ice, one could observe with a 
4-inch objective a great profusion of living organisms; protozoa, yeast-like bodies, 
globular, spindle-like or oval in shape, cocci and diplococci (encapsulated and motile), 
and actively motile bacilli, some long, slender and curved, others short and slender, 
and a few short, stout, and somewhat constricted. 


16-9-12. Ice samples from a depth of 4 feet and from a depth of 7 feet contain 
protozoa showing nuclear structure, yeast-like bodies staining uniformly, Gram-positive 
micrococci and diplococci, and Gram-negative bacilli of various forms. 

Bacteria, protozoa and “ yeast ” organisms are much more numerous in the surface 
ice. 

17-9-12. Surface Ice.— . 

Glucose agar slope. After 24 hours at 37° C., a pale, fine growth is visible. 
A serum agar slope (at 37° C.) has become contaminated by mould, and is discarded. 
Agar slope. Doubtful growth after 24 hours at 15° to 18° C, 
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Ice Four Feet below the Surface—No growths in two culture tubes; one 
inoculated at 37° C., the other at 15° to 18° C. 


Ice Seven Feet below the Surface.— 
Glucose agar slope. Doubtful fine colonies after 24 hours at 37° C. 
Agar slope. <A pale, fine growth. 


Glucose agar slope (at 15°-18° C.). Discrete, circular, greyish white colonies. 


19-9-12. Surface Ice.— 
Agar slope (at° 15°-18° C.). Fine, greyish white growths. Gram-positive cocci 
and. diplococci. 


~~ Glucose agar slope (at 37° C.). A pale white smear spreading quickly. Gram- 
positive cocci in staphylococcal masses. 


Ice Four Feet below the Surface.— 
Serum agar slope (at 15°-18° C.). No growth. 
Serum agar slope (at 37° C.). No growth. 


Ice Seven Feet below the Surface. 


Glucose agar slope (at 15°-18° C.). A large number of minute, pale, circular colonies, 
Gram-positive diplococci. 

Glucose agar slope (at 37° C.). Very fine, greyish white, circular (?) colonies. Gram- 
positive cocci, large and small (micrococci). 

Agar slope (at 37° C.). Fine, greyish white, fringed erowth. Gram-negative 
bacilli, some short, stout and coccoid, others longer, swollen and involuting, 
interspersed with a few gram-positive cocci. | 


This culture, three days later, showed marked involution forms, long and curved, 
of a Gram-negative bacillus. 


There was no opportunity to make subcultures from the above growths, which 
were watched until 22-9-12, when they had made very slow progress. All the culture 
tubes, before inoculation on 16-9-12, had been incubated for 24 hours at 37° C. without 
growth. 


Glacier Ice (8 and 11 miles south of the Hut)—During a nine days’ sledging trip 
in the month of September, 1912, I. gathered specimens of ice at distances of 8 and 11 
miles in a magnetic-south direction from the Hut. These were obtained from the surface, 
from a glacial cavern 6 feet below the surface, from compressed sastrugi snow and from 
ice-crystals taken from the wall of a crevasse. Small, sterilised, canvas bags, packed 
inside a larger sterilised bag, were used to collect the specimens, and sterile test tubes 
with cotton wool plugs were also used as receptacles. The mean temperature for the 
period of nine days was approximately—20° IF. and the wind velocity from 55 to 60 
miles per hour. The cavern—Cathedral Grotto—l1 miles, 500 yards south of the 
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Hut, was about 1,800 feet above the sea on the gently rising plateau. The surface in 
the vicinity of the cave consisted of névé, localised patches of blue ice, and compressed 
sastrugi snow. Viewed with a hand lens of 6 diameters, the surface, whether of snow 
or of ice, showed the well-marked cleavage planes of crystals and doubtful fibrillary, 
and speck-like foreign bodies. I did not observe any, macroscopic in size. 


Cover-slip preparations were made from each of the specimens, while, until 
cultures were inoculated, the bags were kept in the outer verandah, at a temperature 
always below zero Fahrenheit. Gram-positive micrococci and -diplococci and small 
short and slender, Gram-negative bacilli were seen. The bacilli and diplococci were 
motile. No record is made of the presence of protozoa or yeast-like bodies. 


Culture media, which had been previously incubated at 37° C. for 36 hours 
without growth, were inoculated. 


21-9-12. Glacier Ice (8 miles south of the Hut)—After 84 hours an agar slope is 
covered with (a) fine, greyish white colonies, and (6) pale white, fine, circular growths. 
(a) Gram-positive cocci. 
(b) Gram-negative cocci-bacilli, associated with longer and more definite bacillary 
forms. 
21-9-12. Glacier Ice (11 miles south of the Hut).—The following cultures were 
observed after 84 hours; some growing at 37° C., others at 18° to 20° C. :— 
Two serum agar slopes. (a) Fine, discrete, greyish white colonies. 


Two agar slopes. (a) Fine, discrete, greyish white colonies, and (b) pale white, 
circular growths. 


Glucose agar slope. (a) Greyish colonies fusing in a continuous, fine smear. 


Gelatine slope. (a) A few, fine, greyish colonies; no liquefaction noted. 


In all four sets of cultures were found :— 
(a) Gram-positive cocci. ; 
(b) Gram-negative bacilli, short and coccoid, with longer, bacillary forms. 


23-9-12. Gelatine stab subcultures of (a) and (b) appear as fine growths similar 
in appearance to the original cultures, with no liquefaction of the medium. 


Several gelatine shake cultures have small, fine, flocculent growths in the medium, 
after 48 (?) hours at 18° to 20° C.; no liquefaction. 
The original agar slope cultures of (b) show short, stout, Gram-negative bacilli 
and swollen involution forms. 
25-9-12. A serum agar slope (after 8 days at 18°-20° C.) has a few (a) pale 
white, circular colonies and (b) a fine, greyish, fused growth, somewhat bluish in tinge. 
(a) Gram-positive cocci. 


(b) Short (in the main) Gram-negative bacilli. 
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Névé (50 miles west of the Hut).—A sledging party, under the leadership of Mr. C. T. 
Madigan, who returned to the Hut on September 26th, 1912, after a journey of two weeks 
to the west, secured specimens for bacteriological examination. Dr. L. A. Whetter 
took charge of several sterilised canvas bags and gathered pieces of surface névé (a 
transition stage between snow and ice) in a situation 25 miles from the sea, at a distance 
of 50 miles west of the Hut, and at an altitude of nearly 4,000 feet. During the latter 
half (25 miles) of the westward journey, the party’s track lay over billowy sastrugi 
and fields of névé, rising gradually in long waves towards the south. The mean tempera- 
ture, during the 14 days this sledging party was away from the Hut, was approximately 
—25° F., and the average wind velocity registered at the Hut (at sea-level) was 58 miles 

perhour. On the plateau it must have been more than 60 miles per hour. ‘The specimens 
were carried in canvas bags, placed in the instrument box on the sledge, and small 
fragments were examined immediately after the arrival of the party. The actual 
specimens were kept in a perfectly dry state in the outer verandah at a temperature 
below zero Fahrenheit. . 


7-10-12. Several grains of névé were thawed out on clean slides and the drops 
examined under cover-slips. There was the usual variety of micro-organisms previously 
_ Seen in specimens of ice and snow from the plateau, except for the absence of protozoa 
and yeast-like bodies. 


(a) Micrococci and diplococci, the latter apparently motile and some encapsulated. 


(b) Bacilli; some rod-like (not more than 3 p» in length), short, stouter forms and 
some curved; all actively motile. There were many. bacilli immobile and 
clumped in zoogloea masses. 


3 11-10-12. Three agar slopes, after four days at 18° to 20° C., show well-marked 

erowth. (a) In two tubes there is a greyish, fine smear and a few white, circular colonies. 
(b) In the other tube there is a somewhat yellowish, central growth, and an outlying, 
greyish smear. 


_ The greyish smear shows short, Gram-negative bacilli, many coccoid in appear- 
ance. The white, circular colonies are Gram-positive cocci. 


Glucose agar. slope, (a) A greyish smear, (0) discrete, circular, white colonies 
and a yellowish, circular colony. 


(a) Gram-negative, short bacilli, many oval and coccoid in appearance; 2-5 in 
maximum length. 


(b) Gram-positive cocci. 


14-10-12. The original cultures and subcultures of névé are progressing slowly 
at 18° to 20° C. 


19-10-12. One agar slope subculture shows a greyish, fine growth with a fringed 
border. Coccoid bacilli showing involution forms. 
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Lake Ice. 


In the deeper depressions among the rocky outcrops of Cape Denison are glacial 
lakes, the water of which is partly replenished in summer from the thawing ice and snow 
surrounding them. For about six weeks, or less, in the summer, the ice, which freezes 
to a depth of about six feet, thaws out. The ice itself is very clear and free from air 
bubbles in fact, it is like solid glass with a pale-blue tint. Lichens, mosses, and alge 
flourish for a few months around the lakes and penguins occasionally visit them. All 
gross material in suspension sinks, and the upper layers of ice do not contain so many 
bacteria as are seen in the surface layers of glacier ice. 


25-9-12. A cover-slip preparation shows relatively few micro-organisms; 
motile bacilli, short, long and curved, occasionally in zoogloea masses; micrococci, 
diplococci.and zooglceea masses of cocci. 

Several cultures were made from lake ice. 


27-9-12. After 48 hours at 18° to 25° C., there is slight evidence of growth in 
two tubes. 


30-9-12. Agar slope. (a) Small, white colonies set in a (b) greyish, fine growth. 

Serum agar slope. (b) Greyish smear covering the lower part of the slope. 

Gelatine slope. (a) A few white, circular colonies; no liquefaction of the medium 
noted. 

Glucose agar slope. (a) Discrete, white, circular colonies and (6) a fine, greyish 
growth. 


In the above cases appeared :— 
(a) Gram-positive cocci in masses. 
(b) Short, stoutish, Gram-negative bacilli, the shorter forms coccoid in appearance. 
2-10-12. Growth has proceeded slowly in all the tubes. Smears give the same 
results as on 30-9-12. 


Sea Ice. 


Specimens were procured in a sterile test tube close to the shore, on August 30th, 
1912. The meteorological conditions were :—Wind, 50 miles per hour, temperature, 
-26:5° F.,with light drift. 

In a cover-slip preparation there are numerous bacteria; motile (?) cocci 
(encapsulated) and motile, encapsulated diplococci, and short and long, motile bacilli, 


A serum agar slope (1), after three days at 15° to 18° C., has a pale, viscid growth 
with a few outlying, circular colonies. Short, nodular bacilli. 


Serum agar slope (2). Greyish, circular colonies. Short coccoid bacilli. 


5-9-12. (a) Glucose agar slope and (b) an agar slope have each pale, fused growths 
spreading slowly. After (?) days at 18° to 20° C., these cultures were examined and 
there appeared, (a) bacilli, short and stout with a few longer forms, and (b) yeast torule. 

Serum agar slope (neglected), after 18 days at 12° to 15° C., is covered with a 
pitted, yellowish growth. No smears were made. 


en i ee alee. 
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Note on Glacier Ice. 


During the month of September, 1913, sterile specimens of ice were gathered 
from a shaft which was sunk into the blue ice of the glacier to a depth of 24 feet. The 
shaft was situated about 20 yards above the discoloured area where morainic materia] 
is embedded. Looking at cover-glass preparations of six specimens obtained from the 
surface, down to a depth of seven feet, one could roughly note that the micro-organisms 
present became fewer as one passed from the surface. Single free-swimming forms 
were numerous down to a depth of approximately three feet, and after that the bacteria 
were represented by clumps and zooglaea masses. Protozoa and yeast-like bodies 
were confined to the surface layers. : 


On October 9th, when the shaft had attained its greatest depth—24 feet—serial 
specimens were again examined. 


24 feet. At this depth small pieces of soil and grit were visible in the clear blue 
ice and bacteria were numerous; free-swimming forms and zoogloea masses. 
A count of the bacteria was made on a hemocytometer slide, and the approxl- 
mate result was 118,720 micro-organisms per cubic millimetre. 


20 feet. Ice blue and no foreign bodies visible. Hamocytometer count, 19,040. 
micro-organisms per cubic millimetre. Free-swimming forms and zoogloa 
masses. 


12 feet. Zooglea masses very numerous, unduly increasing the hemocytometer 
count, which gave roughly 1,703 micro-organisms per cubic millimetre. 


6 feet. Zoogloea masses still numerous; 1,650 micro-organisms per cubic milli- 
metre. 


4 feet. Zoogloea masses still present; 1,093 micro-organisms per cubic millimetre. 


Surface Ice (a few inches below the surface) containing protozoa and yeast-like 
bodies; 1,250 micro-organisms per cubic millimetre. 


These observations are necessarily very approximate, and with partial contamina- 
tion of the ice by morainic material no generalisations can be made. | Still, there isthe 
positive evidence of numerous bacteria in the ice, many of which in the thawed-out 
state regain their motility in a similar fashion to the rotifera. 


Snow. . 


Sastrugi Snow. Freshly-fallen snow soon becomes compacted by its own weight, 
crusted over by the wind blowing at low temperatures, and then furrowed into wind- 
waves or sastrugi. The snow falls from the low altitude of a rain-cloud and may travel 
some distance, driven by a blizzard, before it settles on the ground. One would expect 
this snow to be free from organisms, but at the Hut in Adelie Land specimens were 
gathered from time to time, and in almost every instance were found to contain micro- 
organisms. 3 

©90218—H Vou. VII, Part 3, 
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25-7-12. Sastrugi snow (+ mile south-east of the Hut). 


Cover-slip preparations of specimens gathered in a sterile Petri-dish show many 
motile bacilli, some slender and short, others longer and curved like a vibrio, while some 
are short and nodular. They are mostly in zoogloea masses, and even a single bacterium 
has a pale capsule.  Micrococci and a lanceolate organism like a flagellated infusorian 
were also seen. 


25-712. A basin (jelly-mould with a tightly-fitting lid) was sterilised in boiling 
water and dried with its lid on for more than half an hour in a very hot oven. It was 
then carried outside on to a high, rocky ridge. The air was charged with falling snow, 
which drove along in a wind of 50 miles an hour. The temperature was below zero; 
Fahrenheit. The lid of the basin was removed and some snow allowed to settle in the 
bottom, after which the lid was put on and the basin carried back to the Hut. - Here 
small pieces of the sample were transferred on a platinum needle to a slide which had 
been previously heated in the flame of a spirit lamp. A sterilised cover-slip was put 
on the thawed snow, and the preparation viewed with a }-in. objective. Motile bacilli, 
short and slender, longer and curved, mostly surrounded by a pale capsule; zoogloea 
masses of straight and curved bacilli; no micrococci seen. The preparation was stained 
and a few zoogloea masses of cocci were observed. 


27-7-12. Sastrugi snow (4 mile south-east of the Hut). 
Agar slope. After forty-eight hours at 37° C. are seen (a) a pale, fused growth 
at the lower part of the medium, and (0) a ridged and pitted mass above this. 
(a) Gram-positive cocci. 
(b) The bacteria were later found to be Gram-negative, sporing bacilli. 
31-7-12. Agar slope. The pale growth has become lemon-yellow in tint like 
Staphylococcus pyogenes citreus. (Gram-positive coccus. 


3-8-12. Sastrugi Snow (obtained in a sterile Petri-dish 1,000 yards back on the 
slope of the glacier.—In a cover-glass preparation there are bacilli, micrococci, diplococci 
and protozoa (?). 

Falling Snow. A cover-slip preparation shows encapsulated diplococci, short 
strings of cocci, single micrococci, a few segmented, motile bacili and some zoogloea 
masses of bacteria. 


7-8-12. Drift Snow (gathered 1,100 yards south of the Hut). 
Glucose agar slope (previously incubated) shows several small greyish colonies, after 
twenty-four hours at 37° C. 
Serum agar slope (1). No growth. 
Serum agar slope (2). No growth. 
These cultures became neglected owing to other work, and no smears were made 
from the first, 
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20-8-12. For the past few days there have been heavy falls of snow, with thick 
drift and blizzard wind. Fresh snow was gathered in a sterile vessel. Cover-slips 
preparations show micrococci, diplococci and bacilli, with zooglosa masses of bacteria; 
doubtful organic matter in the form of short cylinders, very like vegetable cells. 


SoILs. 


Morainic Mud. 

Morainic mud at Cape Denison, Adelie Land, is the soil of the continent which 
has been carried a variable distance by the moving glacier, and deposited somewhere 
near the junction of morainic boulders and glacier ice. A number of samples of this 
‘deposit may represent soil from a dozen localities hundreds of miles from one another; 
just as the stony rubble of the moraine represents specimens which may typify hali 
the continent of Antarctica. So the samples of morainic mud were precious as an 
epitome of the bacterial flora of a wide area. It is rational therefore that one may 
generalise from the results obtained. 

That this soil will support vegetable life is evident from the following 
experiment :—During the spring of 1912 a smell box of morainic mud, occurring as dry 
powder, was collected at the terminal moraine. Seeds of Federation wheat and English 
barley were sown in it, the soil being watered and the box kept inside the Hut close to 
where a maximum amount of light came through one of the roof windows. The seeds 
germinated and sprouted profusely to a height of 8 or 10 inches. The sprouts were 
yellowish-green in colour. 

The falling slopes of ice behind the Hut in Adelie Land are furrowed out by 
channels, down which thaw-water streams for the few weeks of the Antarctic summer 
The ice itself is very discoloured, and wherever there are foci of rock, pebbles, grit or 
soil, thawing is most active, because of the absorption of heat by these foreign bodes 
exposed to the sun’s rays. The soil, therefore, which has arrived full of its indigenous 
life, is contaminated—if such an admixture has not already occurred— by these 
rivulets of water containing the bacteria and other micro-organisms peculiar to the 
ice and snow. The soil when wet is dark or greyish brown in tint, but when winter 
comes and all moisture freezes, the mud is compacted into clods, which may dry in an 
atmosphere of low humidity into a bluish, friable powder. It was from this bluish 
powder that most of the specimens were taken. 

— 22-8-12. A cover-slip preparation of a small particle of the dust in solution 
swarms with bacteria; Gram-positive micrococci and diplococci and Gram-negative, 
short, stout bacilli and longer rods. The bacilli and diplococci are actively motile; the 
micrococci seem motile to a lesser degree. 

Cultures were made and grown at 18° to 20° C. 

In three cultures of gelatine nothing is visible after 24 hours. 

Agar slope. Very fine, greyish colonies growing slowly and commencing to 
fuse. Gram-positive cocci in masses mixed with Gram-negative, short bacilli, some 
rather nodular in appearance. 
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26-8-12. In a glucose shake culture, after 72 hours at 18° to 20° C., there are, 
adherent to several minute particles of mud and scattered throughout the medium, 
many minute, pale colonies. 


Three gelatine cultures. Spherical white growths in the medium and on the 
surface in one instance. No liquefaction of the gelatine. Small, short, blunt Gram- 
positive (?) bacilli. 


Serum agar slope (?) (a) Several pale smears contiguous’ with minute ieeniiellss of 
dust, and (?) (d) discrete, circular, white colonies. 


(?) (a) Gram-positive cocci. 


(2) (b) Gram-negative bacilli, as slender, straight rods :— 


Glucose agar slope. Circular, white colonies growing slowly. Gram-positive 
cocci in staphylococcal masses. 

Agar slope. Growing out from several minute particles of grit there are white, 
glistening smears. A fairly large, Gram-positive coccus. 


29-8-12. ‘Two of the gelatine cultures have become infected with the green 
mould—Penicilliwm. 


From fine, white colonies on three other tubes subcultures were made and 
grown at 37° C.; no growth appearing after three days on a serum agar slope. 
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30-8-12. A subculture in gelatine of the Gram-positive coccus produced a 
white, glistening growth similar to the one described on the agar slope (29-8-12). 
No liquefaction of the medium. . 


5-9-12. Several culture tubes have become infected by Penicillium. 


A serum agar subculture appears (a) as a white growth spreading quickly; and 
(b) an isolated brick-red colony. 


(a) A coccoid bacillus showing involution forms. 
(b) Slender bacillary rods. 


A glucose agar subculture of (a) shows a very fine, greyish smear with a fringed 
border (viewed with a lens). A coccoid bacillus showing involution forms. 


Macquarie Island Soil. 


A specimen was collected in a clean bottle and corked in December, 1911, during 
the stay of the “ Aurora” at the Island on her first voyage to Antarctica. At the time 
there were no sterile tubes accessible. On Wireless Hill, approximately 300 feet above 
the sea, where the specimen was taken, the soil is dark and peaty. Skua gulls abound, 
but no penguins or sea-elephants are seen at this altitude. Macquarie Island is a lofty 
mountain peak pushing up from the bed of the ocean out of a depth of about 2,500 
fathoms, in latitude 55° South, longitude 160° East, approximately. It lies almost 
mid-way between Antarctica and Australia—an isolated link of the volcanic chain 
connecting New Zealand and South Victoria Land—and its bacterial flora should form 
at some future time an interesting subject. of research. The meagre results obtained 
from this specimen, roughly gathered, are recorded in the Bacteriological Log :— 


54-12. A gelatine culture (after 48 hours at 15°-18° C.). Minute, greyish 
white colonies on the surface of the gelatine; slight liquefaction of the medium. 
Rod-like bacilli up to 5y in length. 


Glucose agar shake culture (after 48 hours at 37° C.) shows numerous gas 
bubbles, which have disrupted the medium, and greyish growths. Bacilli, somewhat 
coliform in character; many with bipolar markings. 
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The gelatine culture afterwards became infected by an organism similar to 
Bacillus subtilis mycoides, and no subcultures were made from the colonies in glucose 
agar. 


Marine Mud. 


There was little opportunity to make bacteriological examinations of marine 
mud. In the boat harbour at Cape Denison dredgings were done during the winters of 
1912 and 1913. Dark, rather strong-smelling mud came up with the dredge out of 
four fathoms of water. Later, when the “ Aurora” sailed south on her final cruise, 
systematic trawling was done in depths up to 1,700 fathoms, in the vicinity of the 
Antarctic Circle. Specimens were collected and cultures made at various stations. 
These were examined at the Bureau of Microbiology, Sydney, and the results appear in 
Chapter V. A single record appears in the Bacteriological Log :— 


October 3, 1913. A cover-glass preparation was made from mud of the boat 
harbour at Cape Denison; depth, four fathoms. Many bacteria present; cocci and 
motile bacilli of various types. ; 


Several slides, which were stained by carbol fuchsin in Adelie Land, were, in 
Australia, decolourised by acid alcohol and re-stained by Gram’s method. They show 
the following, in the specimen of marine sediment taken from the boat harbour at 
Cape Denison :— 


Bacteria are in moderate numbers. 


(a) Gram-negative bacilli (2-54 in length, -84 in width) with longer, curved forms; 
some are coliform in appearance. 


(b) Gram-positive micrococci (-34 in diameter) and diplococci, in clusters. 


(c) Slender, Gram-negative bacilli (Qu in length, -2u in width). 
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CHAPTER V. 


ANTARCTIC SPECIMENS.* | 


CULTURES SUBMITTED FROM SoILs, &c. 


Ice. 
Nine cultures from ice were submitted. Three of these, labelled “‘ 17-1-14,” 
“99th” and “21-12,” showed no colonies and were discarded; the remaining six 
were on agar slopes and showed growth. 
No. 1. 17-1-14 (?)—Whitish growth; Gram-positive “ yeast.” 
eh Coe Fate tk fine growth on agar; roundish oval, medium-sized coccus, 
Gram-positive, showing a tendency to lie in chains. 
No. 3. 17-2 (?)-14—Pink colonies with a whitish growth around; Gram-positive 
“yeast,”? with cocci similar to No. 2. 
No. 4. 17-2 (?)-14—Showed a fine growth of oval, Gram-positive cocci. 


“ce 29 


No. 5. 29th—Showed pink colonies of Gram-positive mixed with cocci 
as in No. 3. 


No. 6. Fine growth of small cocci as in No. 2. 


yeasts 


Subcultures of all the above were made on 9-3-14, as follows :— 
No.1. Showed pure cultures with yellow, Gram-positive “yeasts”? forming 
around the colonies. 


No. 2. Fine growth of Gram-positive cocci. 3 


No. 3. Pink, Gram-positive “ yeasts.” 

No. 4. Was overgrown with mould. 

No. 5. Pink colonies of Gram-positive “ yeasts.” 
No. 6. Fine growth of Gram-positive cocci. 


Subcultures were also made on 5-6-14 :— 
No.1. Gram-positive “yeasts” forming cream around the colonies. 
No. 2: Very fine growth of scattered, Gram-positive cocci. 
Nos. 3 and 5. Showed pink growth of Gram-positive “ yeasts.” . 
No. 6. Showed a scanty growth of a Gram-positive coccus. 


Summary.—Three of the cultures showed the presence of “yeasts,” two of 
them giving a pink growth on agar, one, a creamy yellow growth. Two cultures 
showed the presence of a Gram-positive coccus producing a fine growth. These two 
cultures of cocci died out in subsequent subcultures. 


*The following report, compiled by Drs. J. B. Cleland, E. W. Ferguson, and K. Smith, is a summary of ae of the 
work done on various specimens submitted to the Bureau of Microbiology, Sydney. 
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The “yeasts” from the ice were tested further on agar, serum, potato, and 
broth, with the following results :— 
No.1. Agar—A creamy, translucent growth with a pink tinge. 
Serum—A creamy, whitish growth. ~ 
Potato—A yellowish growth. 
Broth—A slight turbidity. 
- No. 2.’ Agar—Pinkish growth. 
Serum—Pinkish growth. 
Potato—Pinkish stain. 
Broth—No turbidity. 
No.5. Agar—Scanty whitish growth, growing slowly. 
Serum—White colonies growing rapidly. 
Potato—No change visible. 
Broth—No turbidity. 
As the original of No. 5 showed pinkish “ yeasts, 
probably become contaminated with some other organism. 


Moss Soil. 
Four cultures of moss soil were submitted. 


29 


these subcultures had 


No. 1, dated “ 17-12,” showed a Gram-positive “ yeast.” 

No. 2, dated “ 26-1,” showed a Gram-positive (but poor), moderately elongated, 
moderately thick, sporing bacillus ; spores elongated, and subterminal. The growth 
was heaped up and thickly wrinkled. Subcultures showed an even growth of fawnish- 
white colour and were dry and granular. 

This culture was further tested, and on agar showed a whitish, honey-coloured 
looking growth; on serum, a whitish honey-coloured looking growth; on broth, 
turbidity with a white scum on the surface. 

Nos. 3 and 4 showed the presence of a “ yeast.” 

Nos. 1, 3, and 4 in the original showed a heaped-up, dull yellow growth. The 
subcultures showed fine, whitish colonies. 

Re-subcultured on 20-8-14, Nos. 1, 3, and 4 showed the presence of a “‘ yeast,” 
and No. 2. showed the presence of a Gram-positive, sporing bacillus. 

The “ yeasts’ were separately cultured on agar, serum, potato, and. broth. 

On agar they showed a scanty, muddy-coloured growth, spreading slowly; on 
serum, a fine growth; on potato, one produced a brownish-yellow, raised growth, the 
other two showed no visible change; there was no turbidity in broth. 


Anaerobic cultures were made, with negative results. 


Morainic Mud. 
Six cultures, five on agar slopes and one on gelatine, made on 13th December 
and 16th December, 1913, and 14th January, 1914, all showed no growth and were 
discarded, 
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Snow. 
No. 1, on gelatine, date undecipherable. No growth. 
No. 2, 17-12, on agar slope. No growth. 
No. 3. Discarded. 
Lichen Soil. 
Of eight cultures, four showed no erowth and were discarded. 


No. 1, dated 4-1-14, on agar slope, showed a pink growth. 
No.2. No date. Pink growth. 

No. 3. 14-1. Agar slope. Pink growth. 

No. 4. 17-2. Serum. Pink growth. 


Subcultures—Nos. 1, 3 and 4 showed no growth and were discarded. In No. 2 
there were Gram-positive “ yeasts.” On agar, the subculture showed a fine, whitish 
growth; on serum, a whitish stain. No growth was produced on potato or broth. 


Anaerobic cultures were made, with negative results. 


Mud from Sea Bottom. 
No. 1, 1,700 fathoms. Latitude 64° 34’ South, longitude 127° 17’ Kast. Tempe- 
rature 0-3° C.; thick ooze and rocks. On gelatine. No growth. 


No. 2, 17-2-14. 1,520 fathoms. Latitude 64° 37’ South, longitude 108° 50’ East. 
Agar slopes. No growth. 

No. 3, 26-1-14. 300 fathoms. Latitude 65° 47’ South, longitude 90° 39’ Hast. 
Agar slopes. White growth. 

No. 4, 12-1-14. 300 fathoms. Off Queen Mary Land. Agar slopes. Creamy 
growth. 


Nos. 3 and 4.—Stained, these two cultures showed short, thickish, Gram- 
negative bacilli, often in pairs, showing a tendency to retain Gram’s stain. In sub- 
cultures the growth was almost coliform. 


These subcultures were not tested again until 10th August, 1914, and then 
showed the presence of a Gram-poor bacillus. 


MATERIALS FOR BACTERIOLOGICAL HXAMINATION. 


In addition to the cultures submitted, a number of sealed test tubes were 
forwarded containing marine mud, for the purpose of bacteriological investigation. 


The contents of these tubes were all treated in the same fashion, which may here 
be briefly described. 


The tube was opened and a small portion of the contents emulsified in sterile 
tap water. From this emulsion, in each case, two agar plates were inoculated, the 
emulsion being thickly smeared over the surface. One plate was labelled “A” and 
the other “ B.” 


From the same emulsion glucose broth tubes, covered with oil, were inoculated, 


and also glucose agar slopes, these being grown under anaerobic conditions. 
*20218—I Vou, VII, Parr 3, 
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One boxful of tubes was first treated in this manner. The box contained the 

following materials; all being in test tubes sealed with wax: 
1. Mud. 300 fathoms; latitude 66° 55’ South, longitude 145° 21’ East; ooze, with 
diatoms; temperature 1-8° C. 
Mud. 240 fathoms; latitude 66° 52’ South, longitude 145° 30’ Hast; ooze. 
3. Mud. 230 fathoms; latitude 65° 48’ South, longitude 137° 32’ Hast; ooze (no 
fishes); temperature 1-4° C. 
4. Mud. 150 fathoms \ latitude 66° 32’ South, longitude 141° 39’ Hast; ooze; 
oar: 150 fathoms S temperature 1-62° C. 

1. Mud. 300 fathoms ; latitude 66° 55’ South, longitude 145° 21’ East; ooze, 
with diatoms; temperature 1:8° C. The tube contained a greyish, semi-plastic 
material adhering to its sides. 

Plate A.—One large and two small, round, creamy, semi-translucent: colonies. 
Stained by Gram’s method, both types of colonies showed Gram-negative colon-like 
bacilli, short and long forms being present in the smaller colonies. 

The organisms were tested on agar, serum, potato, gelatine, and the five test 
“ sugars” (glucose, mannite, dulcite, lactose and saccharose). 

Agar.—Whitish, creamy, semi-translucent growth. 

Serum.—Whitish, slimy growth. 

Potato.— White growth. 

Gelatine—Scanty, whitish growth down the needle track, scanty growth on the 
surface; no liquefaction of the media. 

Sugars.—No change took place on the first five “ sugars.” 

Milk.—No change. 

Plate B-—One large yellow colony and several creamy colonies. Four cultures 

were stained by Gram’s method. 
Yellow colony—a Gram-positive coccoid form (? “ yeast ”’). 
Creamy growth (two colonies)—a Gram-negative colon-like bacillus, in:one case 
showing short and long forms. 
Tine, clear growth—a Gram- -negative, curved bacillus or vibrio. 


ro 


Agar. | Serum, Potato. Gelatine. © 


“ Yeast’’(?)| Yellow growth ..| Raised, yellow growth} Yellow, raised|/Scanty growth down the needle- 


growth. track, spreading on top around 
the point of inoculation; yellow, 
slightly wrinkled. 
Vibrio ...)Fine, greyish-white| No apparent growth...|No change ...| No change (? subculture died), 


colonies. 
Coliform 


Bacilli No change ...| Nil. (? Alive.) 


No change ...| White growth down the track and 
spreading out.on top. 


(1)| White, slimy growth| Small, white colonies... 
(2)| White, slimy growth] White, slimy growth... 


On the “ sugars” the vibrio and the coliform bacilli produced no change. Milk 
was not affected, . 
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Subculture 23-38-15. From subculture dated 20-9-14. 


I. A 1. Spreading, semi-transparent, coliform growth. Stained. A narrow, Gram- 
negative, coliform bacillus, mostly small, but some large serpentine 
forms. 


2. No growth. Later a whitish, slimy growth at the top of the tube, which 
stained as irregular Gram-positive bacilli, like Bacillus diphtherie, with 
short, curved forms. 


1. B 2. Abundant growth of raised, rounded colonies, lemon yellow in colour. 
Gram-positive coccus in masses, amongst which were some large 
forms. 

~~ 3. No growth. Re-inoculated from another culture of 8-4-15. No growth. 
5. No growth. Ditto. 
6. No growth. Ditto. 


2. Mud; 240 fathoms; latitude 66° 52’ South, longitude 145° 30’ East; ooze. — 
The tube contained a greyish material adhering to its sides. 


Plate A.—Several large, whitish grey colonies of a mould. One small, crenated, 
yellowish colony—a Gram-positive bacillus. ; 


Plate BSeveral colonies of a mould and one ‘small, yellowish colony of a 
Gram-positive bacillus. 


The Gram-positive bacilli were tested on serum, potato, and gelatine :— 


<r ae eISSN | ile aaa ee Nl pase | ens pemancaeaces. 


Agar. Serum. Potato. Gelatine. 


ee 


A |White, caramel-like,|Moist, whitish pellicle,) White, honeycomb Large bubble of liquefaction; at 
raised growth. wrinkled at the edges;|_ growth, medium] the bottom of the bubble a 
digests medium. dirty yellow. thin, somewhat wrinkled 
membrane and whitish growth 
F down the needle track, 

B | Yellow growth’ ...| Pale yellow growth __...| Yellow growth... Seanty growth down track, and 
a heaped-up yellow growth on 

top. 


| 
SN 


Subculture 23-3-15. From subculture dated 20-9-14. 


II. Al. Dense, whitish growth like enamel; Gram-positive ett with long and 
slender forms, and later showing spores. 


II..B 1. Lemon-yellow growth of rounded colonies. A Gram-positive oval coccus, 
or cocco-bacillus—more like a bacillus—some appear Gram-negative. 


3. Mud; 230 fathoms; latitude 65° 48’ South, longitude 137° 39’ East; ooze (no 
fishes) ; temperature 1-4° C. 


Hard calcareous fragments. 
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ou 


Plated. 
Plate A.—No growth. 


Plate B.—Five colonies appeared :— 


(1) Gram-positive coccus. 
(2) Gram-positive “ yeast.” 


(3) Gram-negative eae Subcultures show the wrinkled, white growth of 


(4) Gram-positive bacillus. a sporing bacillus. 


(5) Long, thin, Gram-negative bacillus, not acid-fast. 


CULTURE REACTIONS. 


Agar. Serum. Potato. Gelatine. | Broth. [Sue Media. 
White, slimy] Whitish growth ...| Dirty, greyish brown} Whitish pellicle-like)Turbid. | ......... 
growth. growth. growth down the| No 


track and around} chains. 
the puncture. 


Pink growth.....| Pink... cote ...|Two pink colonies. |Scanty growth down|Turbid | ......... 
the needle track 
and heaped up on 
the puncture. 


Greyish white,|Liquefied; reddish| Raised, slimy, No change. Sub-] ...... No change. 


slimy growth.| tinge. brownish growth. | cultures show no 
growth. 

White, slimy} White, filmy growth ;] Honeycomb growth; | Liquefied, flocculent 

growth. digests: the med-} medium dirty] growth in the 

lum. yellow. liquid and white 


pellicle on top. 


Yellowish Yellow, slimy growth!Scanty yellowish, |Fine growth becom-| ...... No change, 
growth. pale growth. ing narrow down 

the track; around 

the puncture yel- 

lowish. 


Subculture 23-83-15. From subculture dated 20-9-14. 


III. B 2. No growth. Re-inoculated from another culture of 8-4-15 and incubated. 
No growth. 


3. No growth. Ditto. 


4. Copious, wrinkled, white growth, with irregular edges. Rather short, 
Gram-negative, sporing bacilli; a number distinctly Gram-positive. 
Probably the old forms are Gram-negative. 
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5. No growth. Re-inoculated from another culture of 8-4-15. No growth. 


5. (Second tube.) Abundant whitish growth, wrinkled. Moderately long, 
moderately thick, Gram-positive bacilli, and short, oval, Gram- 
positive bacilli containing spores. Probably contamination has 
occurred from neglect. 


4.-Mud; 150 fathoms; latitude 66° 32’ South, longitude 141° 39’ Hast; ooze; 
temperature —1-62° C.—In macroscopic appearance, a greyish material with a slight 
greenish tinge adhering to the walls of the test tube. 


Plate A.—(1) Several creamy colonies—a Gram-negative, coliform bacillus. 


(2) Several smaller, yellow colonies—Gram-positive cocci. 


‘Plate B.—(1) Several creamy colonies—Gram-negative, coliform bacilli. 


(2) Several minute, yellow colonies—Gram-positive diphtheroid bacilli. 


Cultured Characters. 


Agar. Serum. | Potato. | Gelatine. | Broth. | Sugars. 
A1) Whitish, slimy} Translucent, |No change |Scanty growth down] ......... “ Acid ” in glucose; 
growth, asin Bl.| whitish the track, spread no change on the 
growth. out on top, trans- other “ sugars.” 
lucent and opales- 
cent. . 
A2|Abundant, yellow,| Yellow Yellow Slight growth down|Turbid, no] .......ee..eeee 
separate colon-| growth. growth. the needle track,| chain for- 
ies, raised and heaped up above] mation. 
rounded, : and yellow. 
B1|Slimy, whitish | Creamy, Whifisheees) Hines oro wtiet down |aiers eit) ian ieleeyerem 
growth ; in} whitish growth. the track; thin, 
spreading parts,| growth. translucent 
white, semi- growth on top but 
translucent and thicker in the 
coliform. centre, — 
B2|Yellow ... ...| Golden WN ellowsueet) ocanbyr crow th down |Meat ane ian nan nan 
yellow the track and 
growth. heaped up on top; 


| growth yellow. 
| | SEN 
5. Mud; 150 fathoms: latitude 66° 32’ South, longitude 141° 39’ East; ooze; 
temperature—1-62° C, Greenish-grey material, adhering to the sides of the tube. _ 
Plated. 
Plate A.—Two large, round, greyish colonies of a mould, 
Plate B.—Two similar colonies. 


The cultures were discarded. 
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CuHaprer VI.* 


COMPARATIVE SUMMARY—BACTERIA OF ICE AND SNOW. 


THE researches we were able to prosecute in the subject of the bacterial flora of snow 
and ice have given rise to certain queries which, if accurately answered and correlated 
to the work of four previous observers, should go far towards an elucidation of the 
bacteriology of Antarctica as a whole. One is always liable to pass rapidly from the 
particular and local truth to the general conclusion, and so the facts as they stand 
should be marshalled and thoroughly analysed in view of their unusual interest. 


Dr. Ekel6éf, whose investigations, for nearly two years, of the soil of Snow Hill 
Island, near Graham Land, were rich in results and of great scientific value, made 
experimental exposures of Petri plates for possible bacteria in the air. He found 
positive growths on at least half of his culture media, claiming that a Petri plate had 
to be exposed for two hours for one bacterium to settle on it. Rightly he comes to the 
conclusion, on the evidence of his examinations of soil and on account of the boisterous 
and unprecedented weather conditions of his Antarctic station, that the organisms he 
obtained from the air were impurities carried into it by the wind from the soil. But 
there still remains the chance that some of the bacteria had an aerial origin. 


Dr. Gazert, when frozen in the pack-ice to the north of Kaiser Wilhelm IT. Land, 
sought for bacteria in the atmosphere by making cultures of freshly fallen snow. The 
cultures were found in every instance to be sterile. 


Dr. Pirie, during his voyage in the Weddell Sea, exposed plates and tubes in the 
’ crow’s nest (at the top of the mainmast) of the “ Scotia,” at the longest for 20 hours, 
with negative results. During the winter months at Scotia Bay he was unsuccessful in 
similar experiments; as also during the summer. — He records, too, that plates of agar 
and media (for denitrifying organisms) were exposed on top of the deck laboratory 
during the voyage in the Weddell Sea in 1903. He considered the last-named cultures 
to be unsatisfactory, owing to the possibility of contamination from the ship and from 
spray. ‘ Growths of (apparently) Staphylococcus pyogenes albus and of yellow coccus 
possibly Staphylococcus pyogenes citreus, were obtained, and also’ ‘denitrifying 
organisms.” 


With this evidence before us, it is instructive to learn that Dr. Atkinson, of 
Captain Scott’s British Antarctic Expedition (1910-1913) apparently made bacterio- 
logical examinations of snow. + 


“ Atkinson is pretty certain that he has isolated a very motile bacterium in the 
snow. It is probably air-borne, and, though no bacteria have heen found in 
the air, this may be carried in upper currents and brought down by the snow. 
If correct, it is an interesting discovery.” 


* Norr.—A summary of this chapter has already appeared in ‘“ Nature,” London, 1918. 
+ Scott's Last Expedition. Vol. ¥, p. 211, 1913. We have been unable so far to confer with Dr. Atkinson with 
reference to his actual results and general conclusions. 
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Lastly, so far back as 1893, it is the record of Nansen ‘in ‘“‘ Farthest North ” that 
' he made frequent microscopic examinations during the second summer of fresh water 
pools on the floe-ice of the north polar basin. Alge and diatoms were proved to 
germinate at the bottom of these pools, providing the food material of infusoria and 
flagellata. Bacteria, he says, were occasionally observed. Again, Nansen noticed that 
in places the surface of the snow was sprinkled with dust, and was led, after more 
extended enquiries, to regard the phenomenon as universal over the north polar sea. 
He attributes this fact to floating dust being carried by lofty air currents from southern 
- lands, and then descending to the surface in falling snow. 


Doubtless, too, one may infer that equatorial air currents at a high altitude 
convey myriads of dust-motes towards the south pole, where they descend, free or 
clinging to snow particles, over the great ice-capped continent of Antarctica. And as 
evidence towards the probable truth of this speculation, we have been able to furnish 
~ some isolated observations. 


The locus of the Main Base of the Australasian Antarctic Expedition in Adelie 
Land was singularly fitted for research of a general character on ice and snow, since 
here the great inland plateau undulates downward in névé-fields, declining gradually 
_ for hundreds of miles, to fall abruptly in glacial slopes to the sea (Plate 17). In fact 
we were on the verge of the Continent, with no naked mountains or outcropping 
- nunataks* encircling us to the south, so far as we were able to judge from sledging 
journeys into the interior. That is to say, there were in the hinterland no indigenous 
bacteria of Antarctic soil liable to contaminate the ice and’snow, and, as an additional 
safeguard, so to speak, there was a continuous torrent of air always blowing towards 
the north. The average hourly velocity of the wind, during our two years’ sojourn in 
Adelie Land, was actually almost 50 miles per hour. The main base (Plate 18) with 
its few rocks was at sea-level, and behind it mounted the glacier back to the vast, 
upland plain, which extends southwards, for the most part at a height of 6,000 feet, 
across the crown of the pole, itself at an altitude of more than 10,000 feet. 


It will be seen, from a perusal of the section dealing with cultures of ice and 
. snow, that the results obtained from an examination of frozen algee and frozen seaweed 
led us to enquire further into the bacterial content of the glacier ice—apparently as 
pure as distilled water. In fact, it was through using the thawed ice in vazious 
; cover-slip preparations that our attention was first directed to the presence of bacteria 
in unusual numbers, and more systematic observations were then made on the upper 
slopes of the glacier. 

The organic content of frozen alge makes a suitable point of departure in 


considerations of a general character, for in these dirty green lumps of ice are repre- 
sented practically the whole of the low life which exists and actively multiplies in 


* The Wertern Party, under Mr. F. H. Bickerton, discovered a small piece of rock on the snow at a height of 3,C00 
i feei, 17 miles south-west of the Hut in Adeiie Land. This was subsequently identified in Melbourne by Professor Skeats 
and Mr, Stillwell as.a meteorite, 
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Antarctica; alge, diatoms (unicellular algse), protozoa, rotifera and bacteria. The 
algee (including the diatoms) are universally found; according to the scientific reports 
of other Antarctic expeditions, as marine or fresh water types, in the ice-girt zone 
surrounding the Continent. In Adelie Land, one became accustomed to note in the 
summer time that certain of the thawed pools among the rocky ridges were filled with 
a greenish slime—the filamentous, multicellular alge. In the winter the ice is 
discoloured a greyish green tint, while any slimy strands on the surface which are not 
incorporated with the solid ice become extruded in the air and soon dry into dirty grey 
tufts. In this friable form they are most suitable as test-tube samples, and numerous 
specimens were carried back for examination in Australia. 


Comparing results in Adelie Land and in Australia, it is evident that at least four 
species of bacteria exist in the frozen alge :— 


1. Gram-positive cocci, with fine, white colonies, liquefying gelatine very slowly, 
were almost invariably obtained in cultures. 


2. A Gram-positive, sporing bacillus spreading as an abundant, pale, wrinkled and 
adherent growth on all media. 

3. Gram-positive, chained bacilli, occurring as a white, profuse growth on all 
media. In cover-slip preparations of the ice, chained bacilli were always seen. 


4, Short, Gram-positive bacilli, showing on agar a milky white growth, which 
afterwards became yellowish in tint. 


It is probable, from the Log record, that cocco-bacilli and other bacilli are also 
present; for in Australia it became obvious that the dried specimens of algae contain 
bacteria, fewer in numbers (and doubtless in species) than appear in the thawed ice 
locally examined. 


The fact of the mere presence of bacterial life in frozen algae would not seem 
remarkable along the fringe of the Continent, where lichens and mosses thrive during 
the short periods of warmer weather— and where there is a continuous accession of low 
life from the sea, the soil and from animals. It is only natural to expect them, and 
to infer, further, that they migrate for a variable distance into the all-enveloping mass 
of ice and snow; to all intents and purposes free from organic life. . 


Frozen seaweed, procured as a substratum of fresh water ice, produced Gram- 
positive cocci and bacilli in smears, and, in culture, a slender, Gram-negative bacillus, 
This seaweed had been at one time washed up—maybe in a subglacial channel—by the 
waves, and then had become encased in moving glacier ice. The specimens in question 
came from the bottom of a glacier shaft of 12 feet, some 40 yards from the sea, 


Again, in morainic ice—macroscopically pure but for particles of soil and grit in 
small amount—protozoa-like organisms were present, and in several cultures appeared 
fine, white colonies of Gram-positive staphylococci together with the Gram-positive, 
snoring bacilli of the white, wrinkled, adherent growth already described, 
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When our observations had arrived at this juncture, there was a clear indication 
to go further afield in the examination of the ice; at all events to see the extent of the 
local bacterial flora. So specimens were procured from various points, free from 
obvious contamination, on the ascending glacier. 


A detailed account is given in the Bacteriological Log of the various precautions 
which were taken to eliminate fallacies, and of the conditions of environment under 
which the cultures were made. Thus, nothing more than a bare summary of the 
results will be necessary as a preface to any inductive conclusions which may be 
drawn. 


1. Ina Magnetic Cave, cut shaft-like through the slope of blue ice, about 1,100 yards 
south of the Hut, at an altitude of 300 feet above the sea, were found in cultures 

~ cocci and diplococci, slender bacilli and a “yeast.” Protozoan organisms 
were algo seen. 


2. In cover-slip preparations, 200 to 300 yards, 500 yards and 1,000 yards south 
of the Hut occurred cocci, motile bacilli, yeast-like bodies, and protozoa. 


3. The surface ice at 1,100 yards—altitude 300 feet—yielded in cultures cocci 
(staphylococci) and short, stout bacilli. 


4. At 1 mile—altitude 600 to 700 feet—in surface ice, appeared in culture Gram- 
positive staphylococci and slender Gram-negative chained bacilli. Protozoa 
and. yeast-like bodies were demonstrated in the thawed ice-chips. 


5. Two miles back, at an altitude of 1,000 feet, cultures revealed short, stout, 
Gram-negative bacilli, Gram-negative cocco-bacilli, Gram-positive staphy- 
lococci, and a Gram-positive “ yeast.” Protozoa were also seen. 


6. In the vicinity of Aladdin’s Cave, 5 miles south of the Hut, and at an altitude 
of 1,500 feet, surface ice showed the presence of protozoa and yeast-like bodies, 
Gram-positive cocci grew in cultures on several occasions. 


Ice at a depth of 4 feet contained, besides protozoa and yeast-like bodies, Gram- 
positive cocci and Gram-negative bacilli, all in smaller numbers than on the 
surface. Nothing was obtained in cultures. 


Inice at 7 feet—from the wall of the Cave—cultures were more successful, an 
strating Gram-positive cocci and Gram-negative bacilli (probably cocco-bacilli). 
Protozoans and yeast-like bodies were also present. | 


7. At 8 miles, thawed ice contained Gram-positive cocci and slender Gram-negative 
bacilli. There is no mention of protozoa or yeast-like bodies. Cultures 
confirmed the presence of the Gram-positive coccus, and produced as well a 
Gram-negative cocco-bacillus. 


8. From the Cathedral Grotto, at 11 miles, and at an altitude of 1,800 feet above 
the sea, specimens of ice gave in cultures growths of a Gram-positive coccus 
and a Gram-negative. cocco-bacillus. No mention is made of protozoa or 
yeast-like bodies in the preparations from thawed ice, 

*20218—K Vou, VII, Parr 3, 
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9. In a position, 50 miles west of the Hut and 25 miles inland, nearly 4,000 feet 
high on the plateau, surface névé (a transition between snow and ice) was found 
to contain cocci and bacilli in their usual numbers, but no protozoa nor yeast- 
like bodies were seen. Many of the bacilli were clumped in zooglcea masses. 
From four original cultures and several subcultures were isolated Gram-positive 
cocci and Gram-negative cocco-bacilli, similar to those grown from other 
specimens of glacier ice. 


10. Lake ice (from the glacial lakes near the Hut) had relatively few micro- 
organisms in its surface layers; the cocci and bacilli which were seen both 
tended to aggregate in zoogloea masses. Cultures produced fine growths 
of a Gram-positive coccus and a Gram-negative cocco-bacillus. 


11. In all the cover-slip preparations made from the various samples of ice and snow, 
elaborate precautions were taken in, first of all, cleaning and then heating 
over a spirit lamp slides and cover-glasses. Nevertheless, in most instances, 
minute fibrous particles like slender bacilli, nodular, linear or irregular particles 
like foreign bodies, and, in some cases, large fibro-cellular strands, possibly of 
vegetable origin, were seen. Such appearances were neglected, except very 
occasionally, in the regular entries of the Bacteriological Log. 


12. Examinations of glacier ice from various depths in a shaft tended to show that 
protozoa and yeast-like bodies inhabit the surface layers, and that in this 
situation free-swimming bacteria are most numerous. No relation could be 
established between the number of organisms at different depths, owing to 
contamination. of the ice deep down in the shaft by a small amount of soil and grit 
from the underlying solid earth. Zoogloea masses of bacteria appeared to 
decrease from below upwards, and were not numerous in the ice at the surface. 


~ Then, too, we should adduce the evidence of the cultures made in Antarctica and: 
carried back to Australia for examination. 


It was to Dr. J. B. Cleland that we were indebted for a consignment of freshly- 
prepared culture tubes which arrived by the “ Aurora ”’ on her last cruise of relief in 
the summer of 1913 to 1914. All the tubes reached Adelie Land in good condition, 
and, to prevent any possible contamination by mould, had been sealed with paraffin. 


On a rare calm day early in January, 1914, six agar tubes were taken, with a 
spirit lamp and platinum needle, up the slope of the glacier, nearly half a mile towards 
the south-east, where the glacier could not possibly have been soiled by the many sledging 
parties who passed up and down during the summer. In the situation where the cultures 
were made, the deeper strata of ice were not altogether free of small particles of grit, 
but to the eye the surface layers appeared clear and blue, and had doubtless passed 


through the stage of compacted snow and névé to glacier ice. 


There was no opportunity at the time to go further afield. The sun was bright 
and warm, there was no wind, and the ice was covered with a humid sheen of moisture 
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The tubes were inoculated from loops of liquid collected with the needle in small cups 
where thaw-water had accumulated. They were then carried back to the ship and placed 
in an incubator which ran at a temperature varying, during blizzards, from about 10° to 
15° C.; as a general rule the temperature was between 18° and 20° C. 


Dr. Cleland’s report shows that nine cultures of ice were received; that of these 
three showed no colonies and were discarded, and that the remaining six on agar slopes 
exhibited growth. From three tubes “ yeasts’ were isolated, two of them giving a 
pink growth on agar, the remaining one a creamy yellow growth. Two cultures showed 
the presence of a Gram-positive coccus, producing a fine growth which died out in 
subsequent subcultures. 


It is a curious fact, and yet a well-known experience, to find that bacteria may 
live dormant in ice for prolonged periods, and that infection may be carried through 
lce; but itis not so generally recognised that some bacteria prefer to grow on ice. Micro- 
organisms, as a rule, are capable of resisting a low temperature, when their ordinary 
activities cease, and they tend, either as single units or in clusters, to throw out 
a mucilaginous protein substance for their protection. Ravenel, Macfadgen and Rowland 
have demonstrated that several bacilli will bear exposure for a few days to the tempera- 
ture of liquid air (-192° C. to -183° C.). More recently it has been proved that certain 
bacteria actually survive the temperature of liquid hydrogen (-252° C.), applied for as 
long a period as 10 hours. Bearing in mind such experiments conducted in vitro, we 
could understand that organisms carried by dust-motes to the vicinity of the south 
geographical pole (at an altitude of approximately 10,000 feet) would probably, if not 
strictly thermophilic, retain their vitality in a temperature of —100° C. (-148° F.), if 
ever the midwinter temperature descends to such a low limit. Certainly, in the 
prolonged insolation of the summer time, some hardy organisms on the surface could 
thaw out, become free, and possibly might increase in numbers. 


On the other hand, bacteria and their spores have almost a defined limit of 
resistance to heat—57° C., if applied long enough. Some germs are thermophilic— 
mainly those which live and multiply in warm-blooded animals—while others (in general 
terms the bacteria of the sea, the soil, and the air) prefer the mean temperature of their 
environment. 


In the Antarctic, and the same holds good of the Arctic regions, there is a definite 
fauna, comprising, in the former case, the various species of seals, whales, and birds, and 
their parasites, insect-like mites of the mosses, rotifera, and a fairly prolific marine life. 
The flora of the South is summed up in the lichens, mosses, and alge, the last-named 
having a vast distribution amongst the ice encircling and adhering to the Continent. 
Primordial, lowest of all, and standing as an evolutionary basis of the animal and vegetable 
kingdom, are the bacteria which we may presume to say are universal, clinging to the 
myriad dust-motes which float from the north, descending in snow on the Antarctic 
plateau, paralysed for long winter months, active and acclimatised in the liquid thaw 
of summer, segmenting or sporing in their multiplication, dormant again in the inter- 
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crystalline canaliculi of the névé and ice, and free once more to live and increase in the 
viable reticulum of the glacier. Such a speculative theory may be the key to their cycle 
of life in Antarctica. 


It is instructive to bear in mind the morphological relations of protozoa, alge 
fungi and bacteria. Apparently the most modern view is that bacteria are the primitive 
unicallular organisms which stand as a basic entity of life before their differentiation into 
alge on the one hand, and protozoa on the other hand. Again, by stressing vegetable 
types, certain algze and the bacteria have been correlated in one class as Schizophyta, 
with the alg as schizophycex and the bacteria as schizomycetes or splitting fungi. 
Certainly the fungi were ubiquitous enough in our small sphere of observations. 
The lichen—a symbiosis of alga and fungus—grew amongst the rocky crevices and 
on the sun-warmed slabs over every outcrop we saw in Adelie Land and King 
George V. Land. Fungi, represented by moulds of many species, grew luxuriantly 
along the rime-filled cracks between the inner lining boards of the Hut, though no 
indigenous mould was ever seen amongst the soil, guano or rocks. ‘Then, too, many 
deposits have been found in Antarctica in the form of peat-beds, composed of 
compact detritus of fungi. Apparently the mere cold, as long as moisture is not 
wholly frozen, is no deterrent to life and procreation among the Schizophyta. 
Especially, too, should one take heed of the fact that higher forms of life, represented 
in Antarctic seas, as coelenterates, crustaceans and fishes, may exist for prolonged 
periods in a temperature almost 3 degrees below the freezing-point of fresh water 
their optimum, annual temperature standing in the vicinity of 0° C. Penguins and 
seals, with their heat-regulating mechanism and protective blubber, are able to endure 
intense cold. 


Liquid containing salts in solution does not completely freeze at a- temperature 
of 0° C. (32° F), and this factor is very important in the maintenance of low and higher 
forms of Antarctic life. The late Mr. James Murray* of Sir Ernest Shackleton’s 
British Antarctic Expedition (1907-1909) has contributed some unique evidence of the 
habits and powers of resistance to cold exhibited by the rotifers and water-bears : 


“To test the degree of cold which they could stand, blocks of ice were cut from 
the lakes (saline) and exposed to the air in the coldest weather of the whole 
winter. By boring into the centre of the blocks we found that they were as 
cold as the air. A temperature of —40° F. did not kill the animals. 


“Then they were alternately frozen and thawed weekly for a long period and took 
no harm. They were dried and frozen, and thawed and moistened, and still 
they lived. At last they were dried, and the bottle containing them was 
immersed in boiling water, which was allowed to cool gradually, and still a 
great number survived. Again they were put into sea-water and into the 
brine from the bottom of Green Lake, which is so salt that it freezes only at 


* The Heart of the Antarctic, by Sir E. H. Shackleton, C.V.O. Vol. IL, p. 288. Lendon. 1909. 
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about zero (Fahr.). They were left in these salt waters for a month, yet as 
soon as they were transferred to fresh water they began to crawl about as though 
nothing had happened. 

“Such is the vitality of these little animals that they can endure being taken from 
ice at a minus temperature, thawed, dried and subjected to a temperature 
not very far short of boiling point, all within a few hours (a range of more 
than 200° I.). It is not the eggs merely that survive all these changes, but 
the grown animals. These are animals comparatively high in the scale. The 
rotifers are worms, and the water-bears (which stood the same tests) are cousins 
to the insects and spiders. Some very lowly plants are not killed by being 
put in boiling water, and doubtless many very simple animals can live through 
cold greater than we found in the Antarctic.” 


It was Murray’s opinion that these rotifers and water-bears, on the evidence of 
the small number of their species discovered in Antarctica, and because of their universal 
distribution, had been transported from lower latitudes and were not survivors of an- 
era when the southern continent was more or less immune from glaciation. 


It would seem that bacteria are the ideal danizens of an environment, where 
for the greater part of the year all visible life is banished, and where their minute size, 
protective changes of form, and versatile reaction to moisture, low temperature and 
concentration of salts is most advantageous for existence. The bacteria caught 
up in the frozen sea within the liquid sludge of cryohydrates, which circulates between 
the crystals of fresh-water ice, learn to live and probably multiply in a medium of much 
higher concentration than the ocean to which they are accustomed, just as the rotifers 
found under 20 feet of ice in the salt lakes at Cape Royds. Probably many of these 
bacteria were borne by dust-motes of the air from distant lands, or had thawed out of 
icebergs broken from the continental glacier, and were capable of taking up a new 
function as denitrifying organisms. This is merely a suggestion which has never received 

proof. 

The question now seems naturally to arise : How are we to explain the existence 
and multiplication of bacteria in ice? And to satisfy such a query. we should endeavour 
to discover what is the ultimate composition of ice, how the crystals of ice are inter- 
related, and what are the intimate changes which occur in a descending or rising 
temperature. 

We refer to Mr. J. Y. Buchanan*, formerly of the i Challenger ” Expedition 
(1874), for the most modern views of ice-formation. 


As a result of many exhaustive experiments on the changes which occur in freezing , 
non-saturated saline solutions, he finds that the crystals formed by freezing a saline 
solution are in their ultimate constitution free from salt. That is to say that “the 
crystals formed in freezing a non-saturated saline solution are pure ice, and that the 
salt from which they cannot be freed does belong to the adhering brine.” A new 


* Ice and its Natural History, by J. Y. Buchanan, M.A., F.R.S., M.R.1L. 
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conception at once arises as to the exact definition of the freezing-point of a substance. 
Buchanan defines it to be “ the temperature at which it, as a liquid, passes into itself 
as a solid; and its melting-point to be the temperature at which it, as a solid, passes 
into itself as a liquid.” 


Therefore, we may imagine that when sea-water freezes, the primary solidification 
which takes place is of the freshwater content, the salts in solution being rejected into 
the channels which now exist between the pure crystals. As the temperature is still 
further reduced, accretions of pure ice go to the crystals, and the brine, still further 
concentrated, remains in the channeled meshwork. Actually sea ice is always in 
motion, and the increased internal pressure due to buckling of the floes causes the 
concentrated brine (cryohydrates) to be squeezed out in places on the surface where, 
if the temperature becomes reduced sufficiently, it freezes in the form of crystalline 
ice-flowers. Again, if we look at the process from the opposite point of view, we note 
that the greenish blocks of sea ice thrown up in pressure ridges, which are exposed for 
Jong to the rays of the summer sun, thaw out first of all throughout the saline meshwork, 
the salt water draining away by gravity to lower parts of the block, leaving a residuum of 
fresh-water crystals. The upper part of the mass, when disturbed, collapses in heaps 
of light-blue gravel, thawing, on being collected, into fresh water. 


Buchanan makes the whole matter perfectly clear in the Fedllenrtin passage, 
extending his principle to purer forms of ice, such as glacier ice :—_ | 
“ All natural waters, including rainwater, contain some foreign and usually saline 
ingredients. If we take chloride of sodium as the type of such ingredients, 
and suppose a water to contain a quantity of this salt, equivalent to one part 
by weight of chlorine in a million parts of water, then we shall have a solution 
containing 0-:0001 per cent. of chlorine, and it would begin to freeze and to 
deposit pure ice at a temperature of —0-0001° C.; and it would continue to do 
so until, say, 999,000 parts of water had been deposited as ice. There would 
then remain 1,000 parts of residual water, which would retain the salt, and 
would contain, therefore, 0-1 per cent. of chlorine, and would not freeze until 
the temperature had fallen to -0-1° C. This water would then deposit ice at 
temperatures becoming progressively lower, until when 900 more parts of ice 
had been deposited, we should have 100 parts residual water, or brine, as it 
may now be called, containing 1 per cent. of chlorine and remaining liquid at 
temperatures above —1:0° C. When 90 more parts of ice had been deposited, 
we should have 10 parts of concentrated brine containing 10 per cent. of 
chlorine and remaining liquid as low as -13° C. In the case imagined we 
assume the saline contents to consist of Na Cl only, and with further con- 
centration the cryohydrate would no doubt separate out and the mass become 
really solid. On reversing the operation, that is, warming the ice just formed; 
we should, when the temperature had risen to about -—13° C., have 999,990 
parts of ice and 10 of brine containing 10 per cent. of chlorine. Now, owing: 
to the remarkable fact that pure ice in contact with a saline solution melts at 
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a temperature which depends on the nature and the amount of the salt in 
the solution, and is identical with the temperature at which ice separates 
from a solution of the same composition on cooling, the brine liquefies more 
and more ice at progressively rising temperatures, until, as before, when the 
temperature of the mass has risen to —0-1° C. it consists of 999,000 parts of ice 
and 1,000 parts of liquid water containing 1 part of chlorine. The remainder 
of the ice will melt at a temperature gradually rising from —0-1° to 0-0° C.” 


In the case of the glacier ice of Adelie Land, which we wish particularly to 
consider, one would expect the ice to be very pure; in fact the super-imposed layers 
formed from the snow which has fallen should be, presumably, as fresh as distilled 
water. But, assuming as we do that a large amount of aerial dust is distributed over 
the south polar plateau and that atmospheric gases are combined with the snow, the 
ice contains mineral constituents, without doubt, in much more dilute solution than is 
present in the rainwater of a more temperate climate. And, considering that this 
contamination by dust-motes has gone on for countless aeons, the whole thickness of 
the polar ice-cap is impregnated with minute foreign bodies. In the sea, dust-motes— 
inclusive of impalpable volcanic matter and meteoric material—sink in myriads to the 
bottom, and form with the minute skeletons of living organisms the wide-spread 
deposits of radiolarian, globigerina and diatomaceous ooze. The bottom of the sea, 
however, is more or less stationary, and the deposits are cumulative, whereas the glacier 
is always in movement, ever increasing in thickness, yet being worn away by a process 
of ablation in which temperature, humidity, wind velocity and the amount of drifting 
snow are all modifying factors. Ablation is a phenomenon which primarily affects the 
snow-waves or sastrugi which cover the many square miles of the southern plateau, so 
that their form is ever changing. So, too, the structure of the underlying compact 
snow, of the névé and the true glacier ice, are never constant under the stresses and 
strains of forward movement, super-imposed weight and reaction of the underlying 
land. In physical terms, the great continental glacier is to be conceived as an immense 
resilient mass of changing fluidity which crowns the southern extremity of the globe. 


Returning to the dissection of a piece of the glacier, we find that a disintegration 
of the interlocking grains, similar to that which occurs in the upturned slabs of sea ice, 
takes place on its exposure to the warmth of the sun, or to a temperature just below the 
freezing-point of fresh water. As Buchanan says :— | 

“Under the influence of the sun’s rays, the binding material melts first, the 
continuity of the block is destroyed, the individual grains become loose and 
rattle if the block be shaken, and finally they fall into a heap. <A block of 
glacier ice is a geometrical curiosity. It consists of a number of solid bodies 
of different sizes and of quite irregular shapes, yet they fit into each other as 
exactly and fill space as completely as could the cubes referred to above.” 


Buchanan made his studies of ice on the Alpine glaciers which, in comparison 


with the ice-sheet of Antarctica, move rapidly and, of course, are grossly contaminated 
by soil, rock and dust. Still, one of the first phenomena we remarked when stepping 
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on to the ice-foot at Cape Denison, Adelie Land, was the large amount of granular rubble 
which formed the surface of the glacier. In other words, the summer sun had thawed 
out all the cementing channels, and the crystals lay melting in a clear slush of liquid. 


Thus we have come imperceptibly to the conclusion that Antarctic. ice, like 
rainwater, has its impurities, which are derived alike from floating particles in the air as 
from the combined and uncombined elements of the atmosphere. No form of natural 
water occurring in the solidified crust of the earth is absolutely pure, and one may say 
that life is universal over the terrestrial surface within certain limits of depth. 


The explanation we have furnished of the anatomical composition of a piece of 
ice has been purposely elaborated, so that the proof of the manner in which organisms 
so small as bacteria live and multiply in the ice shall follow more lucidly. 


To a living organism, a few micro-millimetres in length, a block of glacier ice, not 
completely solidified, would be a veritable labyrinth of minute tunnels filled with 
liquid containing salts in solution. In every direction the tunnels would be viable, so 
that a single bacterium might easily pass from top to bottom of the block. Then, too, 
in an isolated lump of ice, subjected to thawing warmth, the liquid in the upper system 
of canalicwi would tend to settle down by gravity to the bottom and run away, 
exuding everywhere from the external pores and drenching the sides of the lump. But 
the same lump, as an integral part of the glacier, would still be perforated with devious 
and circuitous passages, but the watery contents of these passages would follow laws 
of movement dependent upon gravity, the slope and movement of the glacier, the 
presence of small seams and cracks in the ice, and the gradient of temperature 
from above downwards. The small cracks—part of the infinite system of cleavage lines 
branching away from crevasses—would form receptacles for this fluid of dissolved salts. 
The gradient of temperature in ice depends, in a general fashion, on the temperature of 
the air, which exerts its influence to a certain depth. Below this is a zone where the ice 


approaches a mean annual temperature. 


Sufficient has been said to indicate that if in the section of ice we are considering 
the temperature approaches close to freezing-point, the channels of adhering fluid which 
encircle the crystals would permeate the glacier down to a definite point where, if the 
mean annual temperature were low enough, the ice would be solid and impervious. 
We are led to suppose, from Buchanan’s observations, that the critical temperature of 
solidification may be as low as —13° C., though in Antarctica, where the ice is purer, it 
should be four or five degrees higher. Granting that such a temperature may be 
a few degrees from the actual truth, we may at least be sure that for five degrees below 
the freezing-point of fresh water the glacier ice of Antarctica is pervious to bacteria, 
and contains a medium suitable for their reproduction. 


In Adelie Land, the mean annual temperature at sea-level lies between —15° and 
-20° C., but on mounting the plateau, which falls steeply to the coast, the temperature 
descends at the rate of almost four degrees for every 1,000 feet. In the summer time, 
the shade temperature registered on several occasions 5-5° C, (40° F.), and for three 
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months, at least, the temperature, except for unusual fluctuations due to blizzards, 
never fell much below —-10° C. and was very often close to 0° C. Considering, too, that 
there is a considerable amount of sunshine between the equinoxes, the period during 
which bacterial life and growth would be possible might be extended, during a 
favourable summer, up to four months. The action of sunlight is of paramount 
importance in promoting a thaw throughout the ice canaliculi, especially when we 
remember that the shade temperature may register 0° C., at the same time as the 
thermometer in the sun rises to 16° C. In various ice caverns which were dug in the 
glacier—in two cases at an altitude of more than 1,000 feet—the warmth of the sun, 
piercing a thickness of six feet of ice, was more than perceptible and sufficient to cause 
a marked thaw, though the shade temperature might have been below 0° C. On such 
occasions the surface ice and snow became humid and soggy, and over the ice-cliff at 
sea-level rills of fresh water could be seen-trickling into the ocean. Unfortunately we 
have no exhaustive figures available of the temperature gradient in the glacier ice, 
under definite atmospheric conditions and at various altitudes. 


Still, we may be sure that the thickness of the ice-cap investing the frozen 
continent in the vicinity of Adelie Land—and the same rule holds good for other 
Antarctic lands—is not much more than 120 feet, considering that the barrier-like face 
which the glacier presents towards the sea, for many miles east and west, does not 
exceed that amount in altitude. A complication arises in the case of the deep glacial 
valleys, from which immense volumes of ice may debouch into the sea as floating tongues, 
or as a wide expanse like the Ross Barrier, 500 to 600 feet in thickness, And even at 
a great distance inland there are probably many deep valleys, though in such cases 
one would expect in the surface contour of the plateau a corresponding sag, which 
would tend to fill with accumulations of snow. Neglecting the many speculations 
which naturally arise, we have one important point at issue, which is, that the northern 
slopes of the glacier fall towards the sea at such an angle that the rays of the sun for 
some months during the summer are normal to the surface, thereby increasing the 
intra-glacial thaw, and for short periods causing the temperature of the whole mass, in 
the lower latitudes, to rise within a few degrees of freezing-point; the optimum tem- 
perature of the micro-organisms of ice and snow. At the south geographical pole, 
elevated to 10,000 feet, the obliquity of the sun’s rays and the low temperature would 
not encourage bacterial life except in the surface layers of snow, and that only for a 
few weeks at the summer solstice. Assuming that the greater part of the continent is 
at a more or less uniform height of 6,000 feet, we should conclude that the organisms 
which descend from the air are, when buried to a certain depth, wholly deprived of a 
free-swimming existence, until in the plenitude of ages they arrive at that northern 
boundary where the summer thaw begins. 


It will be apposite now to review the few, observations which were made on snow 
before passing to a few remarks on the meteorology of the southern hemisphere. 


1. Gram-positive cocci and Gram-negative, sporing bacilli grew in culture from 


snow of a sastruga or snow-wave one-third of a mile south-east of the Hut, 
*20218—L Vou. VII, Parr 3. 
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2. On three occasions when falling snow was gathered in a sterile basin, elaborate 
precautions having been taken to prevent contamination, the thawed-out 
samples showed under a cover-slip cocci, motile bacilli and, invariably, 
zoogloea masses of bacteria in moderate numbers. Single diplococci and 
occasionally cocci were observed to be invested by a pale capsule. In one 
case doubtful organic matter, in the form of vegetable cells, was noted. 


3. A glucose agar slope culture of falling snow showed a few small, greyish colonies 


which were not examined. 


Slender as these results are, they become of more importance when correlated 
with the many positive findings made in glacier-ice—the vast repository of the falling 
snow. They are meaningless, too, unless we consider the probable origin of the 
bacteria which cling to the crystals of snow. 


Regarded simply, the circulation of air in the southern hemisphere has certain 
main characteristics; a widespread uprush from equatorial, tropic and sub-tropic zones, 
a continuous flow at a high level towards the southern continent, a subsidence of 
suceessive layers of cool air, increasing in density and coincident with a rising bato- 
metric pressure, a concentration of air at high barometric pressure over the vast crown 
of lofty Antarctica, a relief of pressure in the torrential bursts of blizzards through to 
the low-pressure belt of the Southern Ocean, and, in wide terms, the genesis. of a low 
equatorial return-current modified and deviated by such factors as earth movement, 
latitude, disposition of island, sea and continent, and configuration of the land. 


Bacteria or their spores may be found in the atmosphere free, incorporated with 
minute particles of aqueous vapour, or clinging to small foreign bodies. With these 
foreign bodies or dust-motes we know that they ascend under the impetus of rising 
equatorial air into the atmosphere to a considerable height, until at length they may 
come under the influence of the great poleward-flowing current. The bacteria 
meanwhile have cooled, become paralysed, and have, singly or in segregated masses, 
thrown out their protective capsule of protein material. They travel to the pole and 
here are frozen to spicules of ice or with the dust which has conveyed them are attached 
to crystalline snow-flakes, sinking lower with the descending strata of air and alighting 


at last on the surface of the plateau. 


‘And now, sparse in numbers, the frozen organisms, extruded with the dust-mote 
they accompanied to the periphery of the nuclear snow-crystal, commence a new life 
history. 

When the snow-flakes—on the plateau of Antarctica snow is mostly in the form 
of sago-like granules—have recently fallen, they lie together in soft, downy, flocculent 
heaps enclosing, in proportion to the space they occupy, a certain volume of air. Under 
the influence of gravity, and the pressure of the wind, and in dependence too on the 
temperature and humidity of the air, the snow becomes denser and more compact, the 
enclosed air is. expelled and the snow crystals decrease in size. Thus we may conceive 
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that the bacteria tend to be expelled into the interstices between separate crystals, 
where they await the time when the temperature will rise sufficiently to provide a liquid 
medium in which their life and species may be’ renewed. If the temperature still 
remains too low for liquefaction of the comparatively impure snow adhering around 


the primary pure crystal, the slow metamorphosis of the snow into névé goes on under 
more or less dry conditions. (Plate 19.) 


We may now quote once more from Buchanan, who refers to the glaciological 
researches of Hugi :— 


“In the Alps the greatest amount of snow falls at a height of from 2,000 to 2,500 
metres above the sea. The crystalline snow of the mountains takes the 
granular form much more easily than does the flaky snow of the lowlands. 


“It is to Hugi that we owe most of our exact knowledge and detailed 
description of the névé or firn, of its genesis and of its metamorphoses: He built 
a hut on the Finsteraarfirn at an elevation of 3,300 metres, and inhabited it fora 
considerable time for the sole purpose of studying the firn or névé and its 
natural history. He traces the development of the névé from the fine 
crystalline snow of the highest levels, and observes it as it passes into glacier. 
At a height of 3,000 metres the transformation has taken place at a depth of 
seven metres below the surface of the névé ; at an elevation of 2,700 metres 
it is met with at a depth of a few feet, and at a height of 2,400 metres the 
névé has passed into glacier at the surface. In experimenting on the névé, he 
found that when a hard compact mass of it was exposed to the influence of 
rising temperature, the binding material of the grains soon dissolved to 
water without the grains themselves being apparently attacked at all. A 
lower temperature then reunites the grains so that the whole appears as a 


uniform compact mass. This shows the lower melting-point of the less pure 


cementing mass of ice All the changes which we witness 


taking place on the incline between the most elevated névé and the lowest’ 
extremity of the glacier in the valley, are repeated on the vertical, between 
the upper and the under surfaces of the névé and the glacier. In both 
directions we observe greater age and more definite development of the mass. 
Further, what we observe in both these directions we observe also in the 
individual grain. The older kernel of the névé is compact, and blue like the 
lower glacier, while the white spongy rind on ‘the outside ig more of the nature 
of snow, like the highest nécé, and passes by layers into the compact central 
grain. Also in the case of the individual grain, the nucleus or kernel is the 
first and oldest, and only by continued development does the rind shape 

itself and gradually pass into the mass of the nucleus and so become a 
glacier-grain, which then continues its development as the glacier itself 
continues its own development. In these relations lies the foundation of the 
whole natural history of the glacier. ae 


° ° . . 
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Here we have a very concise and clear statement of what one would be led to 
expect in studying a vertical section of the glacier from above downwards; crystals in 
every stage of development. And, granting that the ice of the Alps is much less pure 
than the continental ice-sheet of Antarctia, the history of the snow-crystal is still the 
same; the essential difference residing in the freezing-point of the cementing material. 
Thus in Antarctica the salts in solution are more diluted; the total freezing taking place 
at a higher temperature. 

One is naturally curious to know how large are the crystalline kernels of snow. 
Buchanan places their weight at one to two centigrammes. Compared with the fully 
developed ice-crystal, whose weight may vary from 100 to 700 grams, it is exceedingly 
small. | 

Buchanan, commenting on the size of the grains taken from an old block of ice, 
says :—‘ They are particularly interesting when we reflect that every grain, even the 
largest, has grown, according to the rigid laws of crystallomorphic development, from 
a single snow-crystal which probably weighed no more than one or two centigrammes.” 


The last problem we may consider is, what position do bacteria occupy in 
relation to the crystal? Or again, at what stage in freezing are bacteria deprived of 
their liquid medium? 

Considering that the fresh water content freezes first in a particle of moisture 
floating in the atmosphere, the first snow-crystal, so to speak, should be perfectly pure. 
But if we consider how minute are bacteria (a few thousandths of a micro-millimetre), and 
if we suppose that the first snowy grain weighs one centigramme, it will not be difficult 
to imagine that bacteria may be included or entangled in the primary solid, though it 
is more rational to believe that they are added in the peripheral accretions. Still such a 
question is unimportant as long as proof is available that bacteria may live and under 
favourable circumstances circulate and increase in numbers within the Antarctic glacier. 


In conclusion, if we trace out briefly the subsequent history of these bacteria of 
ice and snow, we see them in the slow northward surge of the glacier set floating in 
ice-tongues and bergs of the Antarctic Ocean, where they gradually thaw out and 
probably become accustomed to the salinity of the sea. They circulate throughout the 
immense volume of water, clinging to the plankton of the surface, travelling to 
various depths, reaching, maybe, the ooze in company with sinking foreign bodies. 
They migrate in the vast, moving ocean currents towards northern lands, where some 
remain as marine bacteria, others enter the mouths of rivers and become adapted to 
life in the fresh water medium they knew in Antarctica, while others are stranded on 
the littoral, from whence, in a dry condition, they may be transported by wind to a new 
soil, assuming, perhaps, the characters of aneerobic bacteria. The cycle—centuries or 
ecological periods in duration—begins once more when, in a temperate zone, the 
descendants, by an endless gamut of fusion or sporulation of the original organisms, rise 
on dust-motes and rejoin again the bacteria of the upper air, once more liable to enter 
the current flowing continuously towards the southern pole of the earth, 
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Carter VII. 


ADDITIONAL CULTURES FROM SOILS AND ALGA!, WITH COMPARATIVE 
NOTES. 


_A NUMBER of specimens of morainic mud, granite sand and dried alge, which were 
collected in Adelie Land (Plate 16) during the winter of 1913—one in the winter of 
1914—were not examined in Sydney until March, 1917, owing to the exigencies of 
the War and other circumstances. The samples—and there were several of each— 
had been placed in sterile test tubes sealed with cotton wool plugs; the tubes containing 


the alge and one specimen of morainic mud had been closed with cotton wool and 
sealing wax. 


In preparing the cultures, the same procedure was followed in each case. Small 
fragments of the material to be examined were placed in tubes containing sterile broth. 
From these, agar was inoculated and plated, agar slopes were cultured, and anrobic 
stabs were made in glucose agar, sealed above with a layer of the same medium. One 
set of cultures was grown at 18° to 20° C., and the other at 37° C. 


It was soon found from smears that the bacteria present in the morainic mud 
and. dried algze were in diminished numbers, compared. with the results of our previous 
examinations in Adelie Land. It was also apparent that the optimum temperature 
of growth was in the vicinity of 37° C., and not 18° to 20° C., as had been the case in 
the Hut. Evidently the bacteria had become cro tunnstired to room-temperature 


during the three to four years which had elapsed, and perferred to grow most readily 
at 37° C. 


As soon as the colonies appeared on the plates and agar slopes, subcultures were 
made until the various species were isolated, when their STEIN: were tested on 
different media. 


Morainic Mud. 


Two samples were available; the first gathered during the winter of 1913, the 
second during the winter of 1914. 


I. The test tube contained bluish grey, rather heavy dust which had been 
collected at Cape Denison, 150 feet to 200 feet above the sea, at the junction of morainic 
boulders and glacier ice; many dried clods were mixed with the soil. 
wool plug had been burnt off and covered over with sealing wax. 


The cotton 


A few particles were placed in sterile broth and the various cultures inoculated. 


After seventy-two hours at 37° C., a single, fine, circular, white colony had 
appeared on the agar plate. ‘This was picked off and subcultured on an agar slope. 
After a few days, a fine, pale growth had appeared, showing first as minute, almost 
colourless, circular colonies which fused slowly. Gram-positive cocci of varying size 

were seen in smears, 
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II. The test tube, sealed with a plug of cotton wool, contained a bluish grey, 
heavy dust which was perfectly dry: 

A solution of the soil in broth was made, more concentrated than in the case of 
I, as bacteria were few in smears. 

After seventy-two hours at 37° C., the agar plate exhibited twenty-three colonies 
in all; of which twelve were small, circular, white growths, three were yellow, circular 
colonies, one was a rose pink, circular colony, two small growths (possibly a contamin- 
ation) were whitish moulds, and of the rest, a few were fine, light yellow in tint and 
circular in shape, while the rest were greyish and wrinkled. Subcultures were made 
of the rose pink, yellowish and white colonies, and of the greyish, wrinkled growth. 


The moulds were neglected. 


As a result of subcultures from I and II, the following six organisms were isolated, 
each of which will be followed in its more detailed reactions :— : 
(1) A Gram-positive sporing bacillus. (Plate 10, fig. 1.) 
(2) A Gram-positive coccus. (Plate 10, fig. 2.) 
(3) A Gram-positive cocco-bacillus. (PJate 10, fig. 3.) 
\4) A Gram-negative bacillus. (Plate 10, fig. 4.) 
(5) A Gram-positive chained bacillu:, sporing. (Plate 11, fig. 5.) 
(6) A Gram-positive coccus. (Plate 11, fig. 6.) 

(1) Fairly stout, actively motile, bacillary rods which vary markedly in length 
(from 1-7 to 5-6) and slightly in width (5 to -7y), staining readily by Gram’s method 
in cultures 24 to 36 hours old. After that period the bacilli are decolourised,. while 
sporing forms are all Gram-positive. Some of the shortest forms are rather stout and 
oval. The arrangement of the bacilli is often in packets, closely approximated sae by 
side, though usually they are single, or in twos, end to end. 

In culture this Gram-positive sporing bacillus is almost always profuse in growth. 

On an agar slope, within twenty-four hours, the medium is soon covered with a 
dense, spreading growth, milky white in lustre, with characteristic processes like villi 
along the border. These growing processes, also apparent on serum agar and on glucose 
agar, project in sharp salients, while minute, circular, white, outlying colonies appear 
round the base of the villi. In glucose stabs, after five days, the medium assumes a 
brownish colouration. ; 

Gelatine is slowly liquefied; after fourty-eight hours there is a very fine, white 
growth along the stab and on the surface; and after three to four days, the gelatine 
becomes liquefied in moderate amount in its upper part. 

On coagulated blood serum there develops in twenty-four hours a pale smear, 
yellowish in tinge, liquefying the medium so that the smear seems to be embedded in 
it. The liquefaction progresses, so that at the end of seventy-two hours the medium ig 
almest wholly disorganised, 
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Broth in twenty-four hours becomes opalescent, and later is found to be full of 
floceuli of white growth. 


On potato a filmy white smear is seen after forty-eight hours, which in four days 
is replaced by a brownish stain invading the substance of the medium. 


In litmus milk the bluish colour is observed to be discharging itself after twenty- 
four hours, but it is from four to five days before the colour has disappeared completely, 
the milk has clotted and a faint acid reaction has developed. 


This Gram-positive sporing bacillus is a facultative aneerobe, and is non-patho- 
genic to guinea-pigs. 


(2) Large, non-motile cocci, 1-1 to 1-74 in diameter, stein singly, in short 
chains and in masses, and staining by Gram’s method. 


On agar slopes this organism always appears as a fine, rose pink growth, raised 
so as to have the contour of a long liquid drop, and well-defined along its slowly spreading 
border. - The growth is rather viscid to the point of a platinum needle, so that small 
threads adhere to it. On serum agar the rose pink colour is more marked, but the 
growth is still fine and increases very slowly. 


In gelatine, after four or five days, a fine, rose-coloured, somewhat depressed 
folium of growth caps the stab, along which is just visible a serrated, pale fringe. 


There 
is no liberation of pigment nor any liquefaction-in the medium. 


After twenty-four hours, on coagulated blood serum, one may observe a fine, 
pinkish, raised and drop-like colony. Later, more drops of growth project along the 
stroke, and these very slowly fuse into a fine, pinkish smear. No growth is produced 
in broth— but on potato, after a few days, a very fine, pinkish growth may be seen. .In 
litmus milk no change occurs and the reaction remains alkaline. 


This Gram-positive coccus is a facultative anewrobe, and is non-pathogenic to 
guinea-pigs. 


(3) Motile cocco-bacilli, 1-64 in esa and I-1p in width, staining readily by 
Gram’s method. In general, the bacteria are oval, and their arrangement is single,. 
in twos (when they are very similar to diplococci), in short chains or in clumps. 


Swollen 
forms, like large cocci, occur, and there are definite bacilli, about 1-8, in length. 


On an agar slope, after twenty-four to forty-eight hours, the growth is always 
fine and raised; at first egg-yellow in colour, changing to orange, while in older cultures 
and on serum agar, it is bright cerise in tint, raised and thick like a drop of paint, and 
sharply contoured along its margin. 


A characteristic nail-shaped growth follows a stab in gelatine; the head of the 


vail being heaped-up and bright cerise in colour; no liquefaction of the medium. 


After twenty-four hours, on coagulated blood serum, a very fine, raised, drop-like, 


orange growth appears, which makes very slow headway. A few threads are produced 
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in broth; the medium being unsuitable for growth. The same holds good of potato, 
on which no colonies are evident. In litmus milk there is no change and the reaction 
is alkaline; though in one instance some clotting occurred after seven days, the reaction 
remaining neutral. 

This Gram-positive cocco-bacillus is a faculative anzrobe, and is non-pathogenic 
to guinea-pigs. 

(4) Bacilli, tending to be slightly curved, actively motile and from 1-7p to 3-4u 
in length and -4p in width, decolourised on being stained by Gram’s method. The 
arrangement of the organisms occurs singly and in chains of two, three or more. When, 
as often happens, they are in pairs, end to end, the bacilli becomes slightly curved and 
bent towards one another at an obtuse angle. The chains are ogcasionally very long 
and extend in serpentine curves almost across the microscopic field. The staining is 
not always uniform; some of the bacteria being blotchy or with granular markings 
alternating with clear spaces. This characteristic is more obvious in older cultures, 
when the protoplasm is gathered up in stained droplets, creating in the case of some 
bacilli almost a diphtheroid appearance. Involution forms are swollen and elliptical. 


On an agar slope appears, in twenty-four to forty-eight hours, a transparent, 
thin smear, which spreads in miniature terraces with a lobulated fringe-like border. 
Discrete, fine colonies are colourless and circular. When the culture becomes older, 
the separate, circular colonies become dry and whitish, their form is ovoid, and they 
adhere to the surface of the medium. ‘The colourless smear dries in stellar clusters. 
On glucose agar the growth is paler in tint. 


In gelatine one finds an expanded cup filled with a thin, fine smear, tinged a 
greyish blue; in the medium, along the track of the stab, are pale, circular and lenti- 


cular colonies; no liquefaction. 


After twenty-four hours, on coagulated blood serum, a very fine, pale, slightly 
raised, linear growth, with a few outlying, minute, circular colonies, is visible. After 
seventy-two hours, this growth has scarcely extended, acquiring a yellowish tinge. 
Broth becomes turbid in twenty-four hours, and an abundant, white, flocculent deposit 
is found in the bottom of the tube. On potato are seen irregular, creamy markings 
which fuse, after forty-eight hours, into a pale smear. When litmus milk is inoculated, 
the colour is completely discharged, and a deposit of clot forms; the reaction of the 
medium remaining faintly acid. 


This Gram-negative bacillus is a facultative anerobe, and is non-pathogenic to 
guinea-pigs. 

(5) Thick, non-motile, Gram-positive, sporing bacilli, on the average 3-5y long 
and -8, wide, occurring in long chains, which persist in growths up to 48 hours old, 
when the chains tend to become dispersed and involuted forms begin to appear. Ina 
culture, 24 to 48 hours old, bacilli may vary in length from 1-8p to 5-9p, and some are 
as thick as 1-54. The involution forms are very curious; the chains break at intervals, 
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the separate bacilli swell up in almost circular, or boat-shaped bodies, or curl on them- 


selves in chainettes to make scrolls and masses. (Plate 13, fig. 14.) After forty-eight 
hours, sporing occurs. 


On an agar slope a profuse and dense, white growth, with a fluffy border, soon 
appears and may cover the medium almost completely in twenty-four hours. On 
glucose agar, a pale, glistening, uniform smear soon forms on the surface. 


There is marked liquefaction of gelatine after seventy-two hours. At first 
one sees a white line along the course of the stab, and above this a white pellicle which 


has sunk into a liquid cup. Later, the whole medium melts and is filled with filmy 
masses of floating growth. 


A pale, raised growth is produced on coagulated blood serum, after twenty-four 

By seventy-two hours, it is sinking into and liquefying the medium, imparting 
to the serum a brownish colouration. Broth is seen to be turbid in twenty-four hours, 
and later is filled with shreds and ribbons of white growth. Potato is covered with a 
growth, greyish white after forty-eight hours, but in four days, brownish, imparting 
the same colour strongly to the solid medium. In litmus milk, after twenty-four hours, 


the colour is completely discharged and small lumps of clot have separated out; the 
reaction remains neutral. 


hours. 


This Gram-positive, chained bacillus is a facultative ansrobe, and is non-patho- 
genic to guinea-pigs. 

(6) Large, non-motile cocci, 1-1 to 1-5. in diameter, staining by Gram’s method, 
The cocci, in smears, are of varying size, being arranged singly, as diplococci, or in 
masses; in old cultures they become very large and swollen. 


On agar, after a few days, a scanty, whitish, wrinkled and heaped-up growth is 
seen. On serum agar there is a slightly wrinkled, dull-yellow smear with a denticu- 
lated edge. Many pale, fine, circular colonies are produced on glucose agar. 


No growth occurs along the stab in gelatine, but is marked on the surface, pro- 
ducing liquefaction. Later, the growth in the liquefied gelatine has a yellowish tinge. 

On coagulated blood serum, after twenty-four hours, fine, pale droplets are observed, 
which resolve in seventy-two hours into a fine, linear, yellowish ribbon of growth. The 


cocci make no progress in broth nor on potato. In litmus milk no clotting occurs, and 
the reaction remains neutral. 


This Gram-positive coccus is an wrobe, and is non-pathogenic to guinea-pigs. 


Granite Sand. 


Two samples of granite sand, gathered in Adelie Land during the winter of 1913, 
were available for examination. The surrounding rocks are of gneissic granite and 
this soil, which is exceedingly scanty, was taken from a crevice. 

I. The test tube contained coarse, greyish or dirty-orange grit, admixed with 
some fine sand; no signs of macroscopic organic matter. 
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After twenty-four hours at 37° C., an agar plate showed two fine, circular white 
to) g ’ 


colonies which were subcultured. Five days later, four minute, pale colonies were 


evident on the plate. Further subcultures were made. 


II. The material contained in the test tube was similar to the previous sample. 


After three days at 37° C., no growth had appeared; and after twenty-one days 


the result was negative. 
Two organisms were isolated from I, and the reactions of these follow in detail :— 


(7) A Gram-positive coccus. (Plate 11, fig. 7.) 
(8) A Gram-positive coccus. (Plate 11, fig. 8.) 

(7) Non-motile cocci, -54 to -6u in diameter, which are Gram-positive, but with a 
tendency to become quickly decolourised. They occur singly, as diplococci, and in 
staphylococcal bunches. 

In the original plated agar culture, the colonies were fine, pale and circular, but 
in subcultures on agar or serum agar slopes the colour became yellowish and the growth 
was still fine. Later still, the yellowish tinge changed to a canary-yellow or lemon- 
yellow tint. Finally, the growth was scanty, raised and lemon-yellow, presenting an 
irregular surface and a lobulated border; with a few, outlying, fine, yellowish colonies. 
Glucose agar seemed a more suitable medium, for, on a slope, there was soon evident a 
moderate growth of lemon-yellow, circular colonies fusing into a uniform smear. 


In gelatine a lemon-yellow folium develops on the surface, and fine rows of 
colonies follow the course of the stab. The folium becomes depressed, sinking, with a 


slow liquefaction of the medium. 

After twenty-four hours, a lemon-yellow drop is visible on coagulated blood 
serum ; the growth remaining fine and extending very slowly. <A few threads are seen 
in broth, and on potato fine islets of canary-yellow growth appear. Litmus milk is 
unaffected, except that the reaction remains neutral. 

This Gram-positive coccus is a facultative anerobe, and is non-pathogenic to 
guinea-pigs. 

(8) Non-motile cocci, -7u to -8u in diameter, Gram-positive, but decolourised 


rather easily. The bacteria are arranged either singly orin masses. In old cultures there 


are many large and swollen cocci. 


Growth on agar slopes is in the form of a fine, raised, yellow smear with a few 


outlying, circular colonies. On glucose agar the colonies are paler, and growth is more 


extensive. 
Gelatine is more qu.ckly liquefied than in the case of (7); the upper one quarter 


et an inch or more of the medium melting. Yellow growth clouds the liquid: and cops 


the solid medium, but no colonies are seen along the stab, 
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' White, fine, glistening drops are the only sign on coagulated blood serum. In 
broth a few threads may be whisked wp from the bottom; while, on potato, a light 
yellow smear spreads slowly, No change occurs in litmus milk, beyond a resultant 
neutral reaction. ' 

This Gram-positive coccus is a facultative anerobe and is non-pathogenic to 
guinea-pigs. 
Dried Algae. 

Two specimens of dried algae were available; both collected during the winter 
of 1914. 

I. The test tube contained greyish green or slaty grey, any shreds, particles, and 
wafers. 

After three days at 37° C., an agar plate showed a pale growth, having a very 
faint pinkish tinge, surrounding a small piece of alga embedded in the medium. 
Subcultures were made. After six days, the growth had reached the surface of the 
agar, and was spreading on it as a greyish white, wrinkled smear. A small mould had 
appeared, as well as a single, minute, pale colony, on another part of the medium. 
The mould was neglected and more subcultures were made. 


II. The contents of the test tube were similar to the preceding specimen. 

_ After twenty-four hours at 37° C., two colonies were visible on an agar plate. 
Twenty-four hours later, nine colonies could be counted; , including white, pale yellow, 
and. colourless growths. Subcultures were made. 

Four organisms were isolated from I and II, and these will be followed in their 
detailed reactions :— . 

(9) A Gram-positive coccus. (Plate 12, fig. 9.) 

(10) A Gram-positive bacillus. (Plate 12, fig. 10.) 

(11) A Gram-positive, sporing bacillus. (Plate 12, fig. 11.) 

(12) A Gram-positive, chained bacillus, sporing. (Plate 12, fig. 12.) 

(9) Large, non-motile cocci, of varying size (1-2u to 1-7 in diameter), staining 
by Gram’s method, and occurring singly, as diplococci and in staphylococcal masses. 
Many swollen forms appear in old cultures. 

The cocci develop first, as a pale growth, and ultimately, as a fine, yellow, flat 
smear on agar ; separate colonies are yellow and circular. On glucose agar the growth 
is very fine and pale. 

In gelatine is seen a pale cup: of growth, with a yellowish tinge, which has sunk 

with slight liquefaction into the medium; a fine, white fringe following the course of the 
stab. 
On coagulated blood serum is produced a yellowish, fine growth which became 
depressed. as a narrow ribbon along the course of a stroke. A few stringy shreds are 
visible in broth after forty-eight hours. Potato shows a small, yellow patch changing to 
a lemon-yellow tint. Slight clotting occurs in litmus milk, with an alkaline reaction. 
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This Gram-positive coccus is a facultative anwrobe and is non-pathogenic to 
guinea-pigs. 

(10) Slender, motile bacilli, 1-7 in length and -3 in width, staining by Gram’s 
method. Mostly they are arranged singly, and rarely in twos, end to end, at an obtuse 
angle. — 

A. glistening, milky white, spreading smear, which in a few days becomes 
yellowish in tint along a midrib, is seen on agar slopes. Eventually the yellow 
colouration extends almost to the limits of the brilliant white smear, which tends to be 
raised along its margin. On glucose agar the bacilli grow in a greyish white, fairly 
profuse, raised growth. 

Fine, lenticular or circular, white colonies may be observed along the course of 
a stab in gelatine ; no growth is visible on the surface, and there is no liquefaction of 
the medium. 

After seventy-two hours, on coagulated blood serum, there are only a few, very 
minute, pale colonies, some of which subsequently take on a yellowish shade. Broth 
becomes opalescent and milky with growth, and on potato, after forty-eight hours, is 
seen a fine, brownish streak. The colour of litmus milk is discharged, a clot forms, and 


the reaction remains acid. 


This Gram-positive bacillus is a facultative anerobe, and is non-pathogenic 
to guinea-pigs. 


(11) Motile bacilli, of variable length (1:8 to 3-9), and from-4y to +6 in width ; 
the early vegetative forms staining by Gram’s method. In twenty-four hours, Gram- 
negative, sporing bacilli and many non-sporing, Gram-negative forms are seen in 
smears from cultures. The general arrangement of the bacteria is in packets or single, 
often in twos, end to end, at an obtuse angle, and very occasionally in short chains. 


The cultures of the bacilli are very characteristic; first of all there is on agar an 
opaque, quickly spreading, adherent, raised growth which soon becomes wrinkled and 
whitish, covering the whole surface of the medium in twenty-four to twenty-eight hours. 
Tn older cultures the centre becomes dry and more pitted, so as to resemble honeycomb 
in colour and appearance; the growing border is irregular. On glucose agar a profuse, 
white, raised and somewhat glistening, adherent growth with lobulated edges appears 
in twenty-four hours. Wrinkling soon takes place. 


On the surface of gelatine an irregular, whitish, wrinkled growth is speedily 
heaped up, and along the stab is a fine fringe; no liquefaction. 


Along a stroke on coagulated blood serum a well-marked, brownish, wrinkled, 
raised growth is established in twenty-four hours, and this tends to sink, with slight 
liquefaction, into the medium. In twenty-four hours, broth is turbid and filled with 
loose pieces of white growth; in forty-eight hours, a puckered, white film covers the 
surface of the liquid. On potato there are produced wrinkled, whitish markings which 
soon fuse; the medium changing to a light brown colour. After four days, the whole 
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of the potato assumes a deep brown tint; the dark surface of the growth being mottled 


and pitted. A dirty yellow clot is formed in litmus milk, the reaction remaining 
faintly acid. 


This Gram-positive, sporing bacillus is a facultative anerobe, and is non- 
pathogenic to guinea-pigs. 

(12) Thick, chained, non-motile bacilli, showing great variability in length (1:8. 
to 6-84)—on the average 3-54; and -6u to 1-54 in width; on the average -8u— 
staining by Gram’s method. The chained arrangement holds in cultures up to 
forty-eight hours’ old, when involution occurs, the separate bacilli tend to swell and 
curl up, the chains are broken, and circular, scroll-like or are-shaped bodies are seen. 
After forty-eight hours, sporing commences. 


On. an agar slope a profuse and dense white growth, with a fluffy border, soon 
appears and may cover the medium almost completely in twenty-four hours. On 
glucose agar, a pale, glistening, uniform smear soon spreads over the surface. 


Marked liquefaction occurs after forty-eight hours in a gelatine stab. The upper 
inch of the medium may dissolve and gauzy flocculi of growth are observed in it. 


A pale, raised growth is visible on coagulated blood serum, after twenty-four hours. 
By seventy-two hours, it tends to sink into and liquefy the medium, imparting to it a 
brown colouration. Broth is turbid, within twenty-four hours, and filled with flocculent 
growth. Potato, in forty-eight hours, is covered with an abundant greyish-white 
smear, and in three or four days the whole of the medium is discoloured deep brown. 


Clotting occurs in litmus milk, the colour is completely discharged, and the reaction 
remains neutral. 


This Gram-positive, chained, sporing bacillus is a facultative anerobe, and is 
non-pathogenic to guinea-pigs. 
The reactions on all media of (5) and (12) are essentially the same, so that these 


bacteria are doubtless identical. Chained bacilli were often found in frozen algae (see 
Chapter I), in Adelie Land. 


CoMPARATIVE NOTES. 

When, during 1903 and 1904, Dr. Erik Ekelof was carrying out his exhaustive 
researches on the soil of Snow Hill Island, illuminating pages were being added to the 
subject of Antarctic bacteriology. This island, belonging as it does to the complex of 
ice-covered land lying to the south of Cape Horn, is a field where outcrops of earth, 
typical of the neighbouring Graham Land and of the zone of Antarctica, presented 
themselves to a bacteriologist armed with an incubator, media, stains and the other 
strictly necessary articles of equipment. Dr. Ekel6f’s results are highly important; as 
distinctive as the contemporaneous evidence of Dr. Gazert on the bacteriology of 
sea-water, 


Dr. Ekelof started out with a modest expectation, and the richness of his 
findings must have been astonishing to himself as to those who, previous to the 
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commencement of the Swedish Antarctic Expedition (1901-1903), gave him scant 
encouragement in his scientific endeavours. Perhaps, merely for the sake of the 
valuable work he was able to do during two southern winters, it was fortunate that the 
Expedition was not relieved in 1902 by its ship, the “ Antarctic,’ which was lost in the 
ice. No lives were lost through this fatality, but the programme of bacteriological 
investigations of sea-water, planned by Dr. Ekeléf, was not carried out, and he was 
able to concentrate his attentions on the bacteria of soil—an ample sphere, judging by 


the detailed records. 

He states, as a preface, his individual attitude to the subject :— 

“A very simple consideration in regard to the occurrence of not only many 
animals in the soil of polar lands, but also of a great number of plants, high in 
the scale of living, and sedulously investigated by different explorers in the 
past, should have given rise naturally to the conjecture that in an environ- 
ment to which such a well-developed life of animals and plants could have 
adapted itself, it should not be regarded as completely impossible that 
bacteria, these uncomplicated and primitive organisms, could find the conditions 
for their existence.” 

On this just assumption, it is not surprising that Dr. Ekel6f should prove “ that 
in this soil; apparently bare of all life, there survives still a persevering and not 
inconsiderable flora of bacteria; and that Antarctic soil, during the warmest period of 
the year, attains a proportion in bacteria which is not much inferior to that of the soil 
in our own country (Sweden).” 

It is instructive to summarise briefly his results, which hold for Snow Hill Island, 
and doubtless for the patches of bare land within and beyond the American Quadrant 
of Antarctica :— 

(1) Of 105 samples of soil examined, 11-5 per cent. were sterile and 88-5 per cent. 
contained bacteria. 

(2) The largest number of organisms per cubic centimetre, demonstrated in a 
single specimen (collected during the summer of 1902) was 140,000; the 
average for all samples being 19,000 per cubic centimetre. 

(3) Seasonal variations in the number of bacteria were very marked. For 
example, the average number of bacteria in the summer was ten times that 
found in the winter. The heat of the sun (insolation) proved to be a most 
important factor in promoting growth. 

4) Bacteria were not present in earth obtained from depths greater than 20 
centimetres. 

(5) Gelatine media were largely used and, in incubating soil, it was often six to 
eight days before colonies could be observed; the optimum temperature of 
growth being about 17:5° C. 

(6) Twenty-nine different species of bacteria were isolated from the soil; 17 cocci, 
11 bacilli (including some spirilla and thread-like organisms), and one 
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bacterium of an unknown group. The reactions of each species were 
described in great detail, in gelatine-plate, gelatine-stab, glycerine agar and 
bouillon cultures. 


Dr. Gazert, working at the same time close to the eastern limit of the African 
Quadrant of Antarctica, made the important discovery of an anaerobic, sporing 
bacillus similar to Bacillus tetani in the guano and moss soil of Gaussberg. 


The above results of our work on the morainic mud and granite sand of Adelie 
Land, in the Australian Quadrant of Antarctica, should be considered in conjunction 
with the cultures from moss soil and lichen soil gathered in the same locality and 
described in Chapter IV. The last-named cultures contained Gram-positive “ yeasts ” 
and Gram-positive, sporing bacilli. The Gram-positive, sporing bacillus, according to 
the characters noted by Dr. J. B. Cleland, is probably identical with No. 11. 


Looking through the reactions of Dr. Ekelof’s twenty-nine organisms, we were 
able to find one which corresponds in his partial description exactly to No. 2—a Gram- 
positive coccus of variable size, with a fine, rose-coloured growth on solid media, not 
liquefying gelatine and multiplying slowly in broth. Dr, Ekel6éf states that the coccus 
was met with frequently in samples of earth—in some cases these coccl were very 
numerous—examined at Snow Hill Island. “ Yeasts” were found at Snow Hill Island 
in the form of Gram-positive, branching mycelia; and of these, three species of 
Actinomyces were isolated, and an organism (mould) which the discoverer could not 
classify. 


A few of Dr. Ekeléf’s bacilli have appearances (size and arrangement), staining 
reactions and growth on a single medium similar to ones above described, but they 
vary in other particulars. Mlle. Tsiklinsky found five organisms (bacilli) in specimens 
of Antarctic soil—morainic mud probably contaminated by penguins and other birds— 
brought from the south by Dr. Charcot. In no instance do the characters of any one of 
these correspond with the bacilli of morainic material gathered in Adelie Land, 


Besides the bacilli, Mlle. Tsiklinsky isolated a Streptothriz, a species of “red 
yeast ’’ (Gram-positive, oval cells forming a mycelium), and a Gram-positive coccus. 
Three kinds of moulds grew from all the specimens of soil. As a result of her obser- 
vations, she concludes that the bacteria of the South have no special Polar character, 
and that, although unable to identify with certainty any of the bacteria of Antarctic 
soil, she is able definitely to state that none of the organisms may be placed in a group 
peculiar to itself, being rather a variety of species already known and studied. 


Finally, one should realise that by reference to the existing classification of 
bacteria, it is impossible in most cases to do more than describe the reactions of an 
Bacteriology as a science is more or less systematised. The results of these Expeditions 
have shown that the bacteria of Antarctic soi] are prolific in number, and that a rich 
have shown that the bacteria of antarctic soil are prolific in number, and that a rich 
field of inquiry and speculation lies open to scientists of the future. 
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Cuaprer VIII. 
COMPARATIVE SUMMARY—BACTERIA OF THE SEA AND OF MARINE MUD. 


In this chapter it will be convenient to make brief mention of the work done by other 
observers on the bacteriology of sea-water, first of all, in connection with the subject 
of nitrifying and denitrifying organisms. Both Dr. Gazert and Dr. Ekeléf made 
quantatative determinations, as also did Dr. Harvey Pirie; in each case, with positive 
results. Dr. Harvey Pirie quotes the interesting conclusion of Brandt; namely, that 
“denitrifying organisms play an important role in marine metabolism, setting free 
again the great mass of nitrogen which is brought into the ocean in the form of nitrate, 
nitrite and ammonia salts, and breaking down dead organic matter. He has pro- 
pounded the view, based on the fact that polar seas are very rich in plankton, while 
tropical seas are comparatively poor, that the activity of denitrifying organisms is far 
greater in warm seas than in cold, while nitrification, on the other hand, is probably 
more active in polar seas.” 

He finds this contention to be mainly true, though Dr. Gazert could produce 
no evidence of nitrifying organisms, and he himself had such slender results that he 
admits “‘ that nitrifymg organisms are not present in these waters, or that the media 
employed were not suitable for their growth.” On the other hand, Dr. Harvey Pirie 
found that denitrifying organisms of slight activity, under the frigid conditions, were 
widespread over the Weddell Sea, and Dr. Gazert records a similar generalisation in 
the area where the Gauss worked. 

_ Mile. Tsiklinsky, from twenty-five cultures of sea-water (presumably the surface 
water) made by Dr. Charcot, isolated five species of bacteria and two species of “ yeast ”’ ; 
similar forms to some described by Dr. Harvey Pirie. The last-named observer, from 
a specimen of bottom-water at 2,550 fathoms, grew a short, motile bacillus, exhibiting 
chain formation. Dr. Hkel6f, in a more limited sphere, obtained positive results in 
his examinations of sea-water. 

Dr. Gazert’s records were more exhaustive, embracing, as well as those made 
in Antarctic seas, a large number of cultures secured from bottom-water (uncontaminated 
by 00ze), ooze-water (contaminated by ooze) and ooze in the South Atlantic and South 
Indian Oceans. He found that the temperature at great depths, passing from the 
tropics southwards, varied from 2-8° to 0-3° C. 

Twenty-four investigations altogether were made of bottom-water, and in only 
three instances was there a complete absence of bacteria. At a depth of 1,440 fathoms 
in Antarctica (latitude 65° 28’ South, longitude 86° 10’ East) twelve organisms per 
cubic centimetre were present in bottom-water. 

Of the total observations (seventeen in all) made on ooze-water, a complete 
absence of bacteria could only be proved in one case. In Antarctica, five examinations 
were positive; thirty-two organisms per cubic centimetre being present at 1,440 fathoms. 
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Among twenty-four samples of ooze, there were fourteen in which no growth 
could be obtained. In Antarctica, examinations on the seven occasions recorded, 
in depths down to 2,170 fathoms, gave negative results. Dr. Gazert was, therefore, 
led to conclude that the oozes of the frozen sea are apparently sterile. He quotes for 
comparison the fact that B. Fischer did not find any germs in two specimens of ooze 
taken in the Atlantic Ocean, in the region of the Gulf Stream, in depths of 830 and 
1,315 fathoms; and in two other samples, one fromthe sargasso sea in 2,870 fathoms 
and another from the north equatorial stream in 2,240 fathoms, he ascertained the 
presence of bacteria in small pieces of ooze (the size of a pea), but considered that his 
findings were open to fallacy. 


Dr. Gazert says :-— 


“ The results of the investigations in the antarctic regions and in the tropics partake 
of the same character; in effect, that the deep sea in either case is poor in 
germs. On account of this fact, and considering that the bacteria in either 
extreme of latitude have an optimum temperature of growth of 20° C., we may 
at once come to the conclusion that the sudden change from the icy cold of 
the deep water to the temperature of the laboratory does not kill the germs; 


and further, that the observed lack of bacteria is not merely apparent, but 
existent.” 


It is rather remarkable that Dr. Gazert’s samples of ooze were in every case 
but one (diatomaceous ooze) from the glacial clay which one finds covering the sea 
bottom in places where glacier tongues push off from the land or large masses of ice 
break away and deposit their burden of continental soil. He concludes his researches 
with a discussion on the amount of organic matter found in the oozes. In the Antarctic 
regions, organic substances venta) between 2:7 and 4-7 per cent., using the ordinary 
chemical tests. 

One may profitably compare these results with the conclusions reached by Dr. 


Portier*, who conducted his researches in the North Atlantic Ocean and the Mediter- 
ranean Sea. 


“ Near coasts, and especially off the outlets of rivers, the numbers of bacteria (in 


the sea-water) is very large (several hundreds or seyeral thousands per cubic 
centimetre). 


“As one gradually passes to the high seas, this number diminishes rapidly. On 
the whole, in mid-ocean, so to speak, they are fairly abundant near the surface 
(several organisms, sometimes ten to thirty per cubic centimetre). But their 
number diminishes very quickly as one descends into deep water, until, at 
about 1,000 metres (550 fathoms), one is not able to discover a single bacterium 
in 80 cubic centimetres of water. The water is perfectly sterile, as pure as 
spring water.” 


* Bulletin du Musée Océanographique de Monaco (No. 56). Considérations sur la biologie marine par 8.A.8. Le 


Prince de Monaco. 1905. 
* 90218—N Vout. VII, Part 3. 
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An exception was found to this rule in the case of a submarine ridge—the 
Gorringe bank—in the Atlantic Ocean between the Azores and Portugal, where the 
bottom rises to within several hundred metres of the surface. Here a rich fauna and 
much decomposing organic matter were found to alter correspondingly the bacterial 
content of the supernatant water. 

On the analogy of this evidence, one would expect in Antarctica to find the 
bacterial content of the sea greater near outcrops of the coast, where thaw-water in 
the summer time washes down organisms from the soil, and where seals, penguins and 
birds abound. Dr. Ekel6f, in the vicinity of Snow Hill Island, discovered that the 
soil was rich in bacterial life, and from twenty-seven samples of sea-water taken in a 
locality not far from Graham, Land grew cultures in all but six; there being on the 
average, to every cubic centimetre of water, twenty-one micro-organisms. He was 
not able to make comparative records in the open sea because of the loss of his ship, 
the “ Antarctic.” Dr. Gazert’s observations yielded similar results off the coast of 
Kaiser Wilhelm IT Land. Dr. Harvey Pirie, working on the “ Scotia” in the open 
Weddell Sea—an area which is mostly beset with pack-ice—found in one anomalous 
instance 112 coloniés in one cubic centimetre of water. This should not be surprising 
as the local bacteria may have been in this instance increased by a berg with massive 
inclusions of soil, above or below the surface; material which is continually being 
carried northwards from the continent by floating ice. Or again, in open leads, amongst 
the drifting floe, surface plankton in any quantity must entangle many bacteria. It 
is true that we have no facts to support this suggestion, nor has any extended work 
yet been done to establish the relation between the number of bacteria in the various 
zones between the inshore waters and the ocean beyond the fringe of Antarctic pack-ice; 
but the results we have obtained from investigations of the soil, glacier ice, and falling 
snow, have been so striking, that new light has been thrown on, at least, one source of 
the ia life prevalent in the Antarctic and Southern Oceans. Dr. Ekeléf concluded 
that his findings were of great theoretical interest, in that they conclusively proved in 
the sea-water the existence of bacteria, which were not only able to grow, but also to 
increase in numbers at a temperature of 1° or 2° C. Our own experiments tend to 
show that a similar phenomenon may obtain in the case of the ice and snow which 
ensheathe the great southern continent of 5,000,000 square miles. 

During two cruises of the “ Aurora,” we were not equipped with the necessary 
apparatus and media for making a bacteriological examination of sea-water. There 
is a short record in the Bacteriological Log of a specimen of sea-ice from Commonwealth 
Bay which yielded several cultures containing (a) short, nodular bacilli; (6) short cocco- 
bacilli; and (c) yeast torule. Close to the shore—the haunt of seals, penguins and 
birds for six months of the year—one would expect to meet bacteria in numbers. 
Phosphorescent patches of water were often noted at night in the interstices between 
the pancake ice at Cape Denison, and Mr. Hunter, the biologist, found in samples of 
the water small copepod crustaceans. No examinations were made in search of 


phosphorescent bacilli. 
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The observations made in Sydney on four specimens of marine mud are, however, 
of some interest. In one case where the mud was an example of diatomaceous ooze, 
from a depth of 300 fathoms, obtained about 6 miles off the coast of Adelie Land, 
bacteria were plentiful; (a) a Gram-positive coccus; (b) a Gram-negative, colon-like 
bacillus; (c) a Gram-negative, curved bacillus or vibrio; (d) an irregular, Gram-positive 
bacillus like Bacillus diphtheria ; (e) a Gram-positive “ yeast.” In the same situation 
a rich catch was made in the deep-sea trawl of ascidians, crinoids, holothurians, and 
fish. There is the chance, however, that the specimen of ooze may have been con- 
taminated by the sea-water, as it was collected in a sterile tube as soon as the sounding 


instrument had reached the surface. Still, other samples gave consistent positive 
results. 


For example, at a station a little further north and further to the west (latitude 
66° 52’ South, longitude 145° 30’ Hast), a Gram-positive, sporing bacillus, and a Gram- 
positive cocco-bacillus, were grown from ooze at 240 fathoms, some 8 to 10 miles off 
the land. Calcareous fragments recovered in 230 fathoms, 60 to 80 miles north of 
the continent (latitude 65° 48’ South, longitude 137° 32’ East), showed (a) a Gram- 
positive coccus ; (b) a Gram-positive “ yeast” ; (c) and (d) Gram-positive, sporing bacilli, 
of two species; and (e)a long, thin, Gram-negative bacillus, not acid-fast. In ooze at 
150 fathoms (latitude 66° 32’ South, longitude 141° 39’ Kast), appeared. in culture, 
(a) a Gram-negative, coliform bacillus; (6) a Gram-positive coccus; and (c) a Gram- 
positive, diphtheroid bacillus. In cultures from 300 fathoms—both made on the 
“ Aurora,” north of Queen Mary Land—were found short, thickish, Gram-negative 
bacilli with a tendency to retain Gram’s stain. Finally, a few cultures of mud from 


1,520 and 1,700 fathoms, recovered just on the northern fringe of the pack-ice, exhibited 
no growth. 


Apparently, therefore, the oozes contain bacteria in numbers down to a certain 
variable depth, which has not been ascertained, and certainly bacteria may always 
be expected, on the continental shelf of Antarctica, down to 300 fathoms, and probably 
in far greater depths. The fact that the deep-sea trawl used on the “ Aurora,” during 
the. summer cruise of 1913 to 1914, at eleven stations along the coast of Antarctica, 
over an east-to-west distance of about 1,100 miles, in depths down to 1,700 fathoms, 
brought up many forms of marine life on every occasion, and fish on ten occasions, 
should be mentioned to support the supposition that bacteria were present in the ooze 
in every instance. Though negative results were obtained in specimens from 1,520 
and 1,700 fathoms, a fish, Chalinura ferriert, from 1,700 fathoms, gave a growth in 
culture, from the intestine, of a Gram-negative, sporing bacillus. 


One should quote for comparison the experience of MM. Charles Richet and 
Portier*, in their researches in the North Atlantic Ocean; namely, that bacteria were 


found in deep-sea ooze down to 1,625 fathoms, but beyond that depth they were 
CONE) rare or absent. 


* La Troisiéme Campagne Scientifique de la “‘ Princesse Alice IIme,” par §.A.8. Albert Ier. Prir-ce de Monaco. 


Extrait 
des Comples rendus des séances de Académie des Sciences, t. CX XXIV, p- 961. (Séance du 28 avril, 1902). 
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CHAPTER IX. 
PHYSIOLOGY. 
I. 


Tur members of the Australasian Antarctic Expedition were mostly young and in the 
prime of life. The average age of thirty-seven men (including the land parties at 
Macquarie Island, Adelie Land and Queen Mary Land, and the ship’s officers) was 
26 years. All were of good physique, in sound health, and.at some time or another had 


« 


“roughed it.” 


In the Hut at Adelie Land eighteen men—two amalgamated parties—lived 
during the year 1912. As a result of the hard work and wholesome food, the weight of 
every man increased, on the average, by about 10 lb. In two cases the increase in 
weight reached 28 Ib., and was at its maximum in June and July, the winter months. 
There was always occupation for everyone outside, assisting in the meteorological, 
magnetic, tidal, and other observations, while every minute of available calm weather 
was spent in erecting or repairing the wireless masts. There was no sickness of any 
kind. Rather one should say that there was a superabundance of health and good 
spirits, despite the continuous blizzard wind. 


It is not surprising, therefore, that the records of blood examinations of six 
men of the party should show a rise in hemoglobin values during the period of mid- 


winter. 


Dr. G. P. Howe, of Mikkelsen’s Arctic Expedition (1908), notes his experience 
when wintering on the north coast of Alaska :— 


“T kept records of the hemoglobin of a party of six white men from September to 
March, covering the whole period while the sun was away. ‘There was-no 
diminution of hemoglobin attributable to the absence of sunlight.” 


He goes on to state that similar experiments were tried on the Jackson- 
Harmsworth Expedition to Franz Josef Land, the Duke of Abruzzi’s Expedition, 
and on Scott’s Antarctic Expedition (1901-1904), with the same results. 


Dr. Koettlitz, during the last-named Expedition, took regular measurements of 
the weight, the chest, the grip, and the capacity of the lungs of forty-five men of the 
“ Discovery.” He observed that the weight tended to increase, though it fell off in a 
few cases, and that the blood grew richer, with few exceptions. 


Six men of the Adelie Land party were subjected to blood examinations and to 
estimations of blood pressure over a period of ten months, the first tests being made at 
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Hobart in November, 1911, just prior to the “ Aurora’s ” departure for the South. The 
details of this work are set out at length below, while two curves, of hemoglobin values 
and of blood pressure readings, have been constructed. 


Curve OF HAEMOCLOBIN VALUES. 
Hobart. Adelie Land. 
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The first curve represents the mean of six, monthly values, estimated on nine 
occasions. It will be apparent that there was, during the first five months, a slight 
decrease in the hemoglobin percentage. If reference is made to the numbers of red 
cells, the hemoglobin decrease is seen to have been coincident with a rise in the average 

_number of red cells. That is to say, that the sudden increase in the red cells—liable 
to fluctuation in numbers—may have been responsible for the slight diminution in 
colouring matter, whose value changes more slowly. The delayed reaction of the 
hemoglobin had definitely taken place by the month of May, and had reached its 
maximum in June, after which it declined slightly for two months, and in September 
again showed a tendency to rise. 


Actually the history of the ten months after leaving Hobart was as follows :— 
A period of three months of intermittent hard work—the sailor life on the ship, the 
partial establishment of the Macquarie Island wireless station, the Antarctic cruise, 
the landing of stores and equipment at Cape Denison, the building of the Hut and the 
construction of many subsidiary stations for scientific instruments. The red cells 
increased during the period of muscular activity, totalling in one instance more than 
7,000,000. Where the readings were abnormally large, the estimations were repeated. 


When the more or less leisured life within the Hut had really commenced, the 
hemoglobin value definitely rose in a steep curve. After midwinter the average number 
of red cells was still on the increase, the hemoglobin suffering a siight fall, until in August 
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this average decreased, and the hemoglobin rose slightly. August and September were 
months when short sledging journeys were attempted, and the drifting snow was so 
small in amount that outside work kecame the rule. 


The curve is rather an interesting one when thus related to the physiological 
life of the six men on whom the experiments were made. Perhaps the most noticeable 
fact is the high count in red cells which was definitely established after March, 1912. 


The number of white cells—almost invariably below the normal—showed, in 
comparison with the estimations made at Hobart, a slight diminution, maintained until 
April, 1912, after which the average rose to the original level. The following table 
shows the mean result of differential leucocyte counts made on six men :— 


Name. Date. Paty Neutrophiles. | Lymphocytes. | Mononuclears. ae 
per cent. per cent. per cent. per cent. 

W.H.H. se: .-|  17-5-12 3,487 46 50 2 2 
A.L.M. 17-5-12 4,220 41 56 2 1 
J.T.H. 17-5-12 3,750 51 45 24 13 
J.G.H. ax ...|  17-5-12 4,062 55 40 OES edhe yates a4 
E.N.W. — ...|  17-5-12 5,625 56 38 3F 24 
AJ. 254-12 | 4,687 52 46 2 2 

Average evs | cates 4,297 50-1 45:8 2:4 2°8 


The absolute number of lymphocytes in this mean count of 4,297 leucocytes 
amounts to 1,972. In normal blood there are approximately 2,000, so that we may 
infer that the diminution in the leucocytes as a whole is due to a decrease in the 
neutrophiles of nearly 3,000 cells. In blood films which were made from time to time, 
the absence of the usual number of neutrophile leucocytes was noted. 


Only on two occasions in the routine blood examinations did the leucocytes 
show an unusual rise, e.g., A.J.H. on 17th May, 1912, had 10,000 white cells—neutrophiles 
81 per cent., lymphocytes 18 per cent.—and complained of a slight “ stuffiness ” of the 
‘nose; J.G.H., on 20th June, 1912, had 7,500 white cells, for no assignable cause. On 

6th June, 1912, a blood count was done on F.L.S., who was suffering with a whitlow. 

There were 11,000 white cells, approximately, of which 79 per cent. were neutrophiles, 
and 20 per cent. were lymphocytes. On 3rd July, 1912, J.C.C. had a dental abscess, 
with a leucocytosis of 8,125 cells. 


I used for the hemoglobin estimations Haldane’s modification of Gower’s and. 
Gower’s (after Sahl) hamoglobinometers. Both instruments were compared, on 
‘returning to Australia, with the absolute standard—a 1 per cent. solution of ox blood. 
The picro-carmine jelly of the former hemoglobinometer showed the same tint as the 
absolute standard, and that of the latter was very slightly richer, a small correction 
being applied to the readings whenever this instrument had been used. Another com- 
plication which arose was the fact that acetylene light had been used in making most 
vf the observations in Adelie Land, whereas the earlier ones in Adelie. Land, and the 
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preliminary estimation in Hobart had been done by daylight. A large number of 
comparisons was therefore made of readings in daylight and in acetylene light, the mean 
difference actually being about 10 per cent. of haemoglobin value. This correction was 
then applied wherever it was necessary. 

With regard to the curve of blood pressure, an interpretation may be attempted, 


having due regard to the activities of the six individuals whose mean readings were 
taken over a period of nine months. 


Curve OF BLoop PrRessuRE READINGS. 
Hobart. Adelie Land. 


——_—_  ————————— _ 
27ALAUL. 15.212. 21.3.12. 22.4.12. 7.5.12. 206.12. 22.7.12. 22.8.12. 19.9.12. 


With the unwonted and strenuous work, the blood pressure immediately rose 
between November, 1911, and February, 1912, suffering a complete relapse in March, 
1912. It is difficult to say why this fall should have occurred. Actually, by 21st March, 
the winter had really started, and our labours were not so strenuous as in the days of 
hut-building at the latter end of January and the beginning of February. But hiberna- 
tion was well established in May, by which time the blood pressure had recovered and 
stood at its highest mean point—more than 127 millimetres of mercury. The next 


fall was more gradual, and there was a definite upward gradient when work had once 
more been resumed. | 


Physiologically one should expect fluctuations in the blood pressure, which 
depends on immediate factors of environment and physiological function. It is to be 
regretted that a mercury instrument was not used, as the “ spring” gauges are not 


always reliable. I used a Roger’s sphygmomanometer and found it very convenient 
and portable. . 


On one occasion I took it with me while on a short, and rather laborious, nine 
days’ sledging trip, with a view to observing if there was any marked difference of blood 
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pressure at different altitudes. The mean temperature for the period was -20° F., 
and the average velocity of the wind lay between 55 and 60 miles per hour. The results 
were as follows, each reading being the mean of three :— 


Sea Level. 1,500 feet. | 1,700 feet. 2,000 feet. 
F.LS. bey 121-25 mm. He. 125 mm. Hg. 126-25 mm. Hg. 125 mm. Hg. 
A.L.M. = 125 F 1225 1375, 1425, 
Mean of two 123-125 mm. Hg. 123-75 mm. Hg. 131°875 mm. Hg. 133°25 mm. Hg. 


That is to say, the mean rise of blood pressure in 2,000 feet is registered as 10 mm. 
Hg. The readings were taken at the same time of the day—after the evening meal. 
Such results have little value, as they are isolated observations made under conditions 


which did not permit of accuracy. 


SUMMARY OF BLoop EXAMINATIONS. 


Hemoglobin. Red Cells. | White Cells. | as Blood Pressure. 
No. 1.—Hobart. 27-11-11. 
per cent. 
ALM. ... fk sor 88-25 5,680,000 4,687 ‘TT 115 mm. Hg. 
J.G.H. ... a yy: 92 4,610,000 6,875 “99 114 ‘p 
W.H.H. ... xb “a 91 5,870,000 5,000 ‘17 1225, 
F.H.H. ... te att 94-25 4,950,000 4,065 +93 119 £ 
AJ.H. ... ay ee 89 4,630,000 5,000 96 122-5, 
E.N.W. «... — os 89-5 } 4,810,000 5,625 “93 103-754, 
No, 2.—Adelie Land, 15-2-12, 
per cent. 
A.L.M. ... sn “en 88-4 5,160,000 3,281 *85 140 mm. Hg. 
J.G:H.t =:. sr ate 93 5,310,000 5,000 “87 117-5 1 
W.H.H. ... See eh 92-4 6,710,000 3,125 -68 127-5 5 
WOUELaE, 5. a chs 94-25 | 5,600,000 5,000 “93 136-75, 
AJ.H.  .... oor ot 85:9 | 6,930,000 4,062 “61 122-5 3 
E.N.W. ... ay, 33 89-5 5,320,000 5,000 “84 102-75, 
No. 3.—Adelie Land, 21-3-12. 
per cent. 
ALM. ... ont ox 86-15 5,525,000 4,375 “17 121-25 mm. Hg. 
J.G.H. ... oon one 93-5 4,820,000 3,425 +96 126-25 ,, 
W.HLH. ... ar ne 91-4 7,250,000 4,375 63 115 
F.H.H. ... ns ns 94. 5,600,000 5,935 83 100 
A.J.H.  ... ot ner 87 5,000,000 4,062 “87 12125, 
E.N.W. ... os «| (2) 90 5,000,000 5,000 “90 115 %) 
No, 4.—Adelie Land. 22-4-12, 
per cent. iy 
ALM. ... a cox! 88-9 5,780,000 4,220 “78 130-25 mm. Hg. 
J.G.H. ... Ree a 87-9 5,780,000 5,312 ‘17 125 » 
W.HLH. ... ae ay: 92-52 6,566,000 3,750 “704 117+5 +5 
F.H.H. ... 3. 4G; 90-4. 5,150,000 5,312 ‘87 127-25, 
AJ.H.  ... asd oe 91-9 6,350,000 4,687 72 127-25, 
E.N.W. ... om ors 89-45 6,300,000 5,937 “709 132-5 >, 


SSS rn 
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SumMMARY OF BLoop EXAMINATIONS—continued. 
ee ee ee rere re 


Hemoglobin. Red Cells. _ White Cells. woe | Blood Pressure. 
No, 5.—Adelie Land. 17-5-12. 
per cent. 

ALM. ... ~e ats 93-65 5,500,000 4,220 "85 127-5 mm. He. 
J.G:H. ... 45) eet 93-15 5,920,000 4,062 “78 127-5 + 
W.H.A. ... s¥ +44 95-15 (2) 7,140,000 3,437 66 128-75 . 
F.H.H. ... Ht -$ 44h 95-9 5,830,000 3,750 82 128-75 3 
INAHEE ve: ae ars 94-4 5,480,000 10,000 *86 130 a 
E.N.W. ... Fe, ryt 92-4 5,210,000 5,625 88 122-5 > 

No. 6.—Adelie Land. 20-6-12. 
A.L.M. ... pe: rn 94-4. 5,410,000 4,843 87 1245 mm. Hg. 
J.G:He 4c: a: +4 93-4 6,460,000 7,500 72, 127-5 + 
W.H.H. ... ty 544 100-15 7,000,000 4,062 ‘71 122-5 4 
F.H.H. ... ne ats 95-725 6,990,000 4,062 68 122-5 yy 
INAM EL oxy by: re 100-15 7,060,000 5,000 -709 120 (approx.) 
E.N.W. ... bbe +o 96-4 6,000,000 5,000 803 125 mm. Hg. 

No. 7.—Adelie Land. 22-7-12. 

ADL.M. ... fi. ty 94:9 5,880,000 5,625 807 131-75 mm. He. 
J.G.H. ... ery “tx 95-9 7,570,000 4,687 +63 132-5 rs 
W.H.H. ... nt ry! 97-4 6,600,000 5,000 ‘73 125 rt) 
F.H.H. ... fy $A 94-9 6,670,000 4,062 ‘71 115 >; 
AJ.H. ... $6 “Hd 98-9 6,725,000 5,312 ‘73 120 5 
E.N.W. ... at “tj 93-9 6,830,000 6,250 68 115 ~ 

No, 8.—Adelie Land. 22-8-12, : 
ALM, ... x ate 93:15 5,980,000 5,625 ‘TT 127-5 mm. Hg. 
J.G.H. ... “rp ts! 95-225 7,500,000 6,250 +63 132-5 , 
W.H.H. ... sor) oH 96-9 7,450,000 3,750 *65 125 A; 
F.H.H. ... ote He 93-9 7,300,000 5,000 64 127-5 3 
AJ.H. ... rt txt 98-4 7,110,000 5,000 +69 117-5 5 
E.N.W. ... 33 ‘4 94-4 6,370,000 4,375 “TA 115 a 

No. 9.—<Adelie Land. 19-9-12. 
ALM. ... ae 453 94-15 6,380,000 4,375 73 130 mm. Hg. 
J.G.H. ... sr oH 94°65 6,480,000 5,000 ‘73 121 a3 
W.H.LH. ... ay at 97:9 7,860,000 5,937 +62 125 *) 
F.H.H. ... Hh zt 94-9 6,530,000 5,625 “72 125 ey 
AJ.H.  ... _ att 96-9 6,380,000 4,375 “75 130 x; 
E.N.W. ... rr rr} 94-4. 7,050,000 5,625 66 116°5 


Il. 
Rares or GrowrH oF Harr anp NAILs. 


A few observations were made during the winter of 1912, in order approximately 
to estimate the growth which occurred in nails and hair. The usual plan was to make 
a small file-emark on the nail, and to measure weekly the distance between this mark 
and the are of skin around the matrix. A single hair was isolated by shaving all round 
it. The measurements were determined with a micrometer, reading to the nearest 
sooo of an inch. 

Actually it became very noticeable that the hair of the head and the nails grew 
so slowly that they were cut much more infrequently than was the case in the temperate 


climate of Australia. The hair, like other epidermal appendages, tended to become dry 
#20218—O Vou, VII, Part 3. 


106 AUSTRALASIAN ANTARCTIC EXPEDITION. 
and rather lustreless, because of the low humidity of the atmosphere, the diminished peri- 
pheral blood circulation, and the impediment to free exudation of sebaceous secretion. 
Close-fitting helmets, of course, did not encourage growth of hair over the head. The 
mean temperature of the Hut was in the vicinity of 40° F., while the mean, annual 
outside temperature was approximately zero Fahrenheit. The greater part of the winter 
was spent in the Hut, especially during the long spells of hurricanes, when it might 
only be necessary to go outside for an hour or more each day to take readings from the 
meteorological, magnetic and other instruments. 

The results are stated as they appear in the Bacteriological Log. The figures (1), 
(2) and (3) indicate a different nail or hair, as the case may be :— 


Nail—left ring finger. Rate of Growth. 


(1) 16-412. Mean of three readings = -2104 inches | -0389 in. in 9 days, or 
25-412. do do = wiih). 0043 in. per day. 
(1) 25-4-12. Mean of three readings = -2493_ ,, -0426 in. in 14 days, or 
95-12. do do = -2919  ,, -003 in. per day. 
(1) 9-5-12. Mean of three readings = -1919 _,, ‘0161 in. in 7 days, or 
do do = 30807; 0023 in. per day. 
(1) 16-5-12. Mean of three readings = -3080_,, -0359 in. in 7 days, or 
23-5-12 do do = +3439 5; -0051 in. per day. 
(1) 23-5-12. Mean of three readings = -3439 ,, —-|_-0844 in. in 12 days, or 
do do = 3783 ,, f +0028 in. per day. 
2) 46-12. Mean of three readings = -1897_,, 0977 in. in 27 days, or 
1—7-12 do do = VEE! oy -0036 in. per day. 


-0035 inches per day. 
Rate of growth. 


Mean rate of six sets of observations = 


Hair—left frontal region. 


(1) 16-412. Mean of three readings = -2335 inches |-0695 in. in 9 days, or 
25-412. do do i SOS 0 mis 0077 in. per day. 

(1) 25-412. Mean of three readings = -3030_,, -0334 in. in 14 days, or 
— 9-5-12. do do = SRve ~ -0023 in. per day. 

(2) 16-5-12. Mean of three readings = -3041 ,, —- 0644 in. in 7 days, or 
23-5-12. do do = 3685 .,  f -0092 in. per day. 

(3) 4-6-12. Mean of three readings = -2399_ ,, -1206 in. in 27 days, or 
1—7-12. do do = BS oy -0044 in. per day. 


Mean rate of four sets of observations =°-0059 inches per day. 

Hebra (in 1874) estimated the growth of a finger-nail at about 1 mm. (-04 inches) 
in a week—-0057 inches per day. More recently J. M. H. Macleod has computed the 
rate at -8 mm. (-032 inches) per day. Granting that the second observation 1s correct— 
and without doubt the rate of growth varies according to the latitude, the season, and 
the mode of life—a nail would appear to grow about ten times as fast in the British Isles 
as it does in Antarctica. 

Schafer states generally that hair grows at the rate of about half an inch in a 
month, 7.e., 016 inches a day. Our own observations, which can only be regarded as 
very approximate, indicate that hair in a temperate climate grows almost forty times 
as fast as it does in Antarctica. 
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CHAPTER X. 


IMMUNITY. 
I. 


Brrorr the departure of the Expedition, the question of testing human immunity by 
opsonic observations carried out in Australia and in Antarctica opened up interesting 
possibilities. Thus some weeks were spent in collecting apparatus and in practising 
the necessary technique. It was obvious, too, that in order to secure evidence of any 
value, the opsonic index to a definite organism of a person living under civilized 
conditions would have to be compared with the index to the same organism of the same 
individual living in the Antarctic regions. To secure such a result, it would be necessary 
to carry to Antarctica a living culture of a bacterium which would not thrive in the 
winter quarters selected by the Expedition; or, in other words, a bacterium to which 
the subject to ke examined would not have access in the south. Therefore dried 
tubercle bacilli and an emulsion of the same organisms were chosen for the purpose of 
the opsonic tests. Staphylococcus pyogenes albus was also used, but the cultures were 
grown from throat swabbings made in the Hut at Adelie Land, that is, from bacteria 
to which the individuals examined already possessed immunity. 


_ Under the unusual circumstances of a polar expedition, it had been proved by 
previous explorers that the ordinary germs of civilization, as those of coryza and 
influenza, attacked with more virulence than usual the members of an expedition 
returning home, after their long respite from bacterial invasion. Shackleton relates 
how the opening of a bale of blankets at Cape Royds, Antarctica, set free organisms 
which caused a short-lived epidemic of coryza. It was the experience of our own 
Expedition that men who occupied a certain cabin on the “ Aurora,” during the first 
southern cruise, sooner or later contracted influenza, and there were several cases while 
the ship was within the Antarctic Circle. Perhaps the best example of the liability to 
‘ bacterial invasion, conferred by living in an apparently germ-free environment, is 
afforded by the fact that tuberculosis and other diseases have made havoc of Ksquimaux 
tribes in contact with more civilized neighbours. The reason is, because of the close 
cohabitation of these people, who with a low inherited resistance to tubercle bacilli live 
together for long winters confined in their igloos of snow. 


We had other evidence of this lowered resistance. Whitlows were opened on 
three occasions during the stay of our party in Adelie Land, and there was one case of 
dental abscess. The pus from one whitlow grew in culture Staphylococcus pyogenes 
aureus, Staphylococcus pyogenes albus, and Streptococcus pyogenes. It is to be noted that 
the first-named organism was not present in the dust of the Hut, as ascertained hy 
monthly plate exposures (Plate 15), nor in pharyngeal and nasal swabbings made on 
subjects over a period of five months. It 1s, therefore, tolerably certain that these 
organisms were latent in the tissues and not local and external in origin. Dr. 8. E, Jones 
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reported that one member of the Western Party had herpes zoster during the winter 
of 1912 in Queen Mary Land. The lowered resistance of nerve ganglia produced by 
exposure of the individual to intense cold is the only proximate explanation in this 
particular instance. 

Our cultures from various natural sources, and the work of previous observers, 
have shown that bacteria are widespread in snow, ice, soils, and in the sea, and are 
present, though reduced in numbers, in the intestines of mammals, birds, and fishes. 
Of twelve species of bacteria isolated from morainic mud, granite sand, and dried alge, 
none had pathogenic action when injected into guinea-pigs. Mlle. Tsiklinsky grew 
from the intestine of a penguin a bacterium allied to Bacillus pyocyaneus which had 
pathogenic properties. Dr. Gazert described a sporing bacillus similar to Bacillus tetan?, 
which he obtained from guano and moss soil, but there is no record of its pathogenicity. 
In Adelie Land seals were frequently seen covered with suppurating wounds, which 
were proved to contain pyogenic organisms. Still we may not presume that the 
bacteria of an Antarctic environment, when not of animal origin, are to be regarded in 
every instance as innocuous. 


Small cuts, scratches, abrasions, and frostbites, which were all very common 
amongst members of the Expedition, did not become infected readily even though 
neglected. However, it was always found advisable to cover over a wound with a 
dressing, otherwise it would take weeks to heal, exposed as it often was to very low 
temperatures. Nails and hair grew slowly, the skin of the hands and face was drier 
than usual, because of the inhibition or partial solidification of sebaceous secretion, 
and the peripheral circulation of the blood was decreased in amount. So the edges of 
a small wound would remain everted and contracted for a long time, and, even though 
there was a healthy granulating surface, epithelial growth was very tardy. 


The results of the opsonic tests in Adelie Land were disappointing, mainly 
because of the pressure of more important work, and because of technical difficulties 
which are increased under the rough conditions of an Antarctic hut. Still there were a 
few notes, and they are stated as they appear in the Bacteriological Log. No 
comparative estimations were made in Australia. 

In six cases where tubercle bacilli were used as the bacterial emulsion the 
opsonic index was more than unity, and, in one case, it was as high as 2-2. This 
figure may be explained by the lower phagocytic index in “ pool” serum as compared 
with the same in “own” serum; recorded in each instance. The “ pool” or normal 
serum was a mixture in equal parts of the sera of three individuals. Collecting the 
blood samples, centrifugalising them and mixing the sera took sufficient time in the 
cold Hut—with an average temperature of 40° F.—to render them as a medium less 
favourable for the phagocytic action of the leucocytes. Though the warmest time of 
the day was usually chosen for the opsonic work, it was impossible, when working with 
fine columns of fluid in pipettes—and in the absence of an opsonic incubator—to hope 
for absolute accuracy in the results, 
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The tests to Staphylococcus pyogenes albus (cultured from a throat swabbing) 
showed nothing of interest, beyond the high phagocytic power, in most cases, of the 
neutrophile leucocytes to an organism which they were accustomed to combat. 


Opsonic RESULTS. 


Experimental Observation. 
17-4-12. Opsonic index to Staphylococcus pyogenes albus—A.L.M. 
The bacterial emulsion was made up from a two days’ culture of Staphylococcus 
pyogenes albus. A faint opalescent solution was used. 
Phagocytic index = 3-02 in “ own” serum. 
A “ pool” or normal serum was made from three members of the Expedition. 
Phagocytic index = -673. 
Opsonic index = 4:48. 


Norr.—In all estimations, unless otherwise stated, bacteria were 
counted in fifty neutrophile leucocytes. 


Summary of Estimations. 


20-412. The usual procedure was followed. The bacterial emulsion was a 
faint opalescent solution of a twenty-four hours’ culture of Staphylococcus pyogenes 
albus. Blood samples were collected in glass capsules and centrifugalised to obtain 
serum and washed leucocytes. The “pool” serum was a mixture in equal parts of 
the sera of three other individuals. 

The mean temperature of the Hut was approximately 40° F. 


The pipette containing leucocytes, serum, and bacteria, was incubated for fifteen 
minutes at 37° C. 
Opsonic index to Staphylococcus pyogenes albus—A.L.M. 
Phagocytic index in “ pool” serum = :98. 
Phagocytic index in “own” serum ( 


vitiated by the presence of small foreign 
bodies in the mixing pipette). 


22-5-12. Opsonic index to Staphylococcus pyogenes albus—A.L.M. 

Phagocytic index in “ pool” serum = 5:0. 

(Thirty-six neutrophiles counted.) 
Phagocytic index in “ own”’ serum = 17-91. 

(Forty neutrophiles counted.) 

Opsonic index = 3-58. 
Notr.—A bacterial emulsion slightly less dilute than the one used on 
20-4-12, was employed. 


24-5-12. Opsonic index to Staphylococcus pyogenes albus—J.G.H. 
Phagocytic index in “ pool” serum = 4:24. 
Vifty-three neutrophiles counted.) 
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Phagocytic index in “ own” serum = 9°36, 
(Thirty-three neutrophiles counted.) 
Opsonic index = 2:25. 
Opsonic index to Staphylococcus pyogenes albus—J.G.H. 
Phagocytic index in “ own” serum = 8:9. 
Phagocytic index in “ pool” serum = 14-48. 
Opsonic index = -614. 
Note—In this estimation, the mixed fluids (serum, bacteria, and 
leucocytes) were incubated in a pipette, which contained a small air bubble 
in the middle of the fluid, accounting probably for the high phagocytic index. 


2-5-12. Estimations were made of the opsonic index to tubercle bacillus. The 
bacterial emulsion was made up from the dried germs. They were ground between 
two flat discs of glass for four or five hours, filtered, and then diluted with 1-5 per cent. 
Na Cl to produce a slight opalescent solution. 

Opsonic index to tubercle bacillus—A.L.M. 

Phagocytic index in “ pool”’ serum = -66. 
Phagocytic index in “ own” serum = 1-5. 
Opsonic index = 2:2. 

45-12, Opsonic index to tubercle bacillus—A.L.M. 
Phagocytic index in “ pool” serum = 1-09. 
Phagocytic index in “ own ” serum = 1-7. 

Opsonic index = 1:55. 

6-5-12. Opsonic index to tubercle bacillus—J.G.H. 
Phagocytic index in “ own ” serum = 1-46, 
Phagocytic index in “ pool” serum = -84. 

Opsonic index = 1-78. 
13-5-12. Opsonic index to tubercle bacillus—J.G.H. 
Phagocytic index in “ own” serum = 1-607. 
(Fourteen neutrophiles counted.) 
Phagocytic index in “ pool” serum = -82. 
(Sixty neutrophiles counted.) 
Opsonic index = 1:95. 
15-5-12. Opsonic index to tubercle bacillus—B.E.S.N. 
Phagocytic index in “ own” serum = -85. 
(Forty-one neutrophiles counted.) 
Phagocytic index in “ pool” serum = -413. 
(Forty-six neutrophiles counted.) 
Opsonic index = 2:05, 
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29-5-12. Opsonic index to tubercle bacillus—B.E.S.N. 
Phagocytic index in “ own” serum = -888. 
(Nine neutrophiles counted.) 
Phagocytic index in “ pool” serum = -409. 
(Twenty-two neutrophiles counted.) 
Opsonic index = 2-17. 


8-6-12. Opsonic index to tubercle bacillus—A.L.M. 
Phagocytic index in “ own” serum = -562. 
(Sixteen neutrophiles counted.) 
(Unfinished.) 
Phagocytic tests were carried out in four cases, using a bacterial emulsion ol 
just perceptible opalescence and more dilute than in previous estimations. 


28-8-12. Phagocytic index to Staphylococcus pyogenes albus—A.L.M. 
Phagocytic index in “ own” serum = 1:3. 
Phagocytic index to Staphylococcus pyogenes albus—J.G.H. 
Phagocytic index in “ own” serum = 1-13. 
(Twenty-three neutrophiles counted.) 


28-8-12. Phagocytic index to Staphylococcus pyogenes albus—A.L.M. 
Phagocytic index in “own” serum = 1:18. 


30-8-12. Phagocytic index to Staphylococcus pyogenes albus—J.G.H. 
Phagocytic index in “ own” serum = -82. 
Norr.—This estimation was vitiated by the incubator being at 38° C, 
for the fifteen minutes during which the pipette was inside it. - 


Il. 


With a view to observing whether there was any diminution or disappearance 
of bacteria grown under ordinary conditions in cultures from the mouth, throat, nose 
and skin of members of the Expedition, examinations of swabbings were made over a 
period of nine months; from the time of leaving Tasmania (December, 1911), unt 
the latter end of the first Antarctic winter (August, 1912). The following are the 
results :— 

Hobart. 27-11-11. 
AWM. dhe Staphylococcus pyogenes aureus. 


Streptococci. 
Staphylococci-(white in culture). 
TRSHADY os Streptococci. 
(Staphylococcus pyogenes aureus. 
Nose... ...4 Staphylococci (white in culture). 
Diptheroid bacilli (K.L.B.). 
W.H.H. ... Throat ... -.. Staphylococci (white in culture), 
Mouth ... .-- Staphylococci (white in culture), 


Nose... .-- Staphylococci (white in culture), 
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J.G.H. 


J.F.H. 


A.L.M. 


J.G.H. 


J... 


A.L.M. 


J.G.H. 
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. Throat ... 
Mouth ... 


Nose 


. Throat .. 
Mouth ... 


Nose 


. Throat ... 
Mouth .. 


Nose 


Throat ... 
Mouth ... 


Nose 


.. Throat ... 
Mouth ... 


Nose 


.. Throat ... 


Nose 


Mouth x 


.. Throat ... 


Axilla 
Nose 


Throat ... 


Kar 
Nose 


‘ Throat if. 


Axilla 
Nose 


27—11-11—continued. 
Streptococci. 
Bacillus hoffmanni. 
Staphylococci (white in culture). 
(Staphylococci (white in culture). 


...~ Bacillus hoffmanni. 


Streptococci. 


sissies (white in culture). 


Staphylococci (white in culture). 
No growth. 
(Staphylococci (white in culture). 
( 


...2 Staphylococci (white in culture). 


Streptococci. 


Adelie Land. 20-2-12.— 


(Streptococci. 
Staphylococci (white in culture). 
Diptheroid bacilli (K.L.B.) 
Staphylococci (white). 
(Staphylococcus pyogenes aureus. 
Staphylococci (white in culture). 
Bacillus hoffmanni. 


(Staphylococci (white in culture). 
Streptococci. 
Bacillus hoffmanni. 
Bacillus subtilis. 
Staphylococcus pyogenes aureus. 
Staphylococci (white in culture). 


Staphylococci (white in culture). 
Streptococci. 

Staphylococci (white in culture). 
Staphylococcus pyogenes aureus. 
Staphylococci (white in culture). 


Staphylococci (white in culture). 
Streptococci. 

Staphylococci (white in culture). 
Staphylococci (white in culture). 


Adelie Land. 25-3-12— 


Staphylococci (white in culture). 


"Streptococci. 
... Staphylococci (white in culture). 


Bacillus hoffmanni. 


Staphylococci (white in culture). 


"| Streptococci. 


Staphylococci (white in culture). 
Staphylococci (white in culture). 


Staphylococci (white in culture). 
Staphylococci (white in culture). 
Staphylococci (white in culture). 
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Adelie Land. 25-3-12—continued. 


J.FH. ... Throat ... Wy 4 eepiyiocoecl (white in culture). 
reptococcl. 
Nose ~... ... Staphylococci (white in culture). 
WEY pe ... No growth. 
Adelie Land. 26-4—12. 
AUDI, 0 twee te See Dyageerel (white in culture). 
Streptococci. 
Nose... ... Staphylococci (white in culture). 
Staphylococei (white in culture). 
AERIS, oy, AMINO TE 5 ...< Streptococci. 
Bacillus hoffmanni. 
Nos Staphylococci (white in culture). 
ie "| Bacillus hoffmanni. 
J.F.H. ... Throat ... ... Staphylococci (white in culture). 
Adelie Land. 26-5-12. 
UTE See ron tees fe Re epbyiacoed (white in culture). 
treptococcl, 
Nose... ... Staphylococci (white in culture). 
Weim, .. Myo. __J Staphylococci (white in culture). 
Bacillus hoffmanni. 
Nose... ... Staphylococci (white in culture). 


Bacillus hoffmanni. 


) 
Wieit, .. Whvets - ea ee (white in culture). 
Nose... ... Staphylococci (white in culture). 


Adelie Land. 30-6-12. 
ALM. ... Throat ... ... Staphylococci (white in culture). 


New Streptococci. 
ae “" | Bacillus hoffmanni. 
UiG:Hian. J Staphylococci (white in culture). 
Throat... “Bacillus hoffmanni. 
Nose... ... Staphylococci (white in culture). 
Skin (face)... Staphylococci (white in culture). 
Adelie Land. 31-7-12. 
A.L.M. ... Throat ... ... Staphylococci (white in culture). 
Nose... ... Staphylococci (white in culture). ' 
Staphylococci (white in culture). 
J.G.H. ... Throat ... XO" Saveitnteat, 
Nose (?) ... Staphylococci (white in culture). 


Adelie Land. 31-8-12. 


A.L.M. ... Throat ... ... Staphylococci (white in culture). 
iNos Staphylococci (white in culture). 

ose ss) Bacillus hoffmanni. 
J.G.H. ... Throat ... ... Staphylococci (white in culture). 


Sacre Staphylococci (white in culture). 
i? "| Bacillus hoffmanni, 
*20218—P VoL, VU, Parr 3. 
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The following table shows the incidence of the different species of bacteria in 
swabbings (throat and nose) from A.L.M. and J.G.H. over the period of nine months :— 


—_—_———_::.—O — eee a 


Organism. oY: en March.| April. May. June. July. | Aug. 

Staph. aureus.. 2 1 is set: “ee +¢: ane oc 

Staph. (white in 1 culture) 1 2 1 2 2 1 2 2 
aM istaxaatestapan a: 5s: 1 1 ) 1 1 1 1 

| Bacilli... 1 2 1 1 1 

Staph. aureus. nf 1 os x at x4 

Staph. (white i in culture) 1 2 2 2 2 2 2 2 

HEMEL + Séreptococei : : 2 1 1 ast: by 1 at: 

{ Bacilli ... 2 2 1 1 Se 1 


It may be noted from the table that there was a certain tendency of the bacteria 
to fall off, though no generalisation could be made from such meagre results. It was 
impossible through lack of culture media to take swabbings from more subjects, but it 
became evident at least, after March, 1912, that Staphylococcus pyogenes aureus did not 
appear on any cultures. Additional swabbings from other members were occasionally 
taken to secure the organism, as it was intended to use it for opsonic observations. 
The dust of the Hut, with its eighteen inhabitants, swarmed with Staphylococcus 
pyogenes albus, other white staphylococci, bacilli of various kinds, and many varieties 
of moulds; but on agar plates exposed monthly over a period of six months (March to 
September, 1912), Staphylococcus pyogenes aureus never appeared among the colonies. 
Apparently it is not so resistant to cold, being thermophilic in habit. 


III. 

13-4-12. A culture was made from a small boil on the arm of F.L. S., which, 
after forty-eight hours at 37° C., showed white, cir reullar colonies fusing in a continous 
growth. Staphylococcus pyogenes albus. 

14-412. - An agar plate, which was exposed for twelve hours near the roof of 
the Hut at night, grew moulds of various colours (Penicillium, Eurotium, Mucor, &c.), 
many colonies of Staphylococcus pyogenes albus, Bacillus subtilis, and other bacilli. 
Throughout the winter, for a period of six months, monthly exposures of agar plates 
were made in the Hut at night, and, according to counts made of the colonies, the 
number of organisms was markedly on the increase. (Plate 15.) 

No aerial exposures of culture media were made outside the Hut or on the 
glacier, since the air was seldom still for more than a few hours at a time in the winter, 
and the whole of the short summer was spent in sledging. 

6-6-12. F.L.S. developed a deep-seated whitlow, which was opened under an 
anaesthetic. Cultures were made from the pus .and Staphylococcus pyogenes albus, 
Staphylococcus pyogenes aureus and Streptococcus pyogenes were grown. 

3-7-12. Cultures were made from a tooth abscess and the following bacteria 
were isolated :—Staphylococcus pyogenes albus, Streptococcus pyogenes, diphtheroid 
orgamsms and Bacillus hoffmanni, 
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CHAPTER XI. 


DIETETICS. 


Tue subject of dietetics is one that must be taken scriously on a polar expedition. 
It is necessary to have food in variety as well as in great quantity. At the present 
time, provisions which have been preserved by tinning or drying may be carried to the 
South and kept indefinitely in a frozen condition. The preliminary essential of which 
to be certain is that there is no bacterial or other contamination. In these days of 
scientific method, the preservation of food has become a fine art, and scurvy should 
never be due to technical faults in its preparation. 


Scurvy is a disease which occurred in the past as a result of a long-continued 
régime on the same ration, or because of chemical deterioration in the ration, or on 
account of a combination of the two causes. However, the most modern view inclines 
to the belief that if there is a deprivation of certain constituents of diet—notably the 
so-called vitamines—scorbutic symptoms will tend to arise if these vitamines are 
denied for a certain period, especially if the body is at the same time being subjected 
to the intense fatigue of laborious work. On the extensive sledging journeys which 
have been prosecuted by polar expeditions, these conditions are often present, and 
even recently scurvy has been reported. It is too much to expect of human endurance 
that a man should live for three months or longer on the more or less artificial sledging 
ration, doing severe and continuous muscular work throughout extremes of low 
temperature, without incurring some constitutional risk. 


Quoting our own experience with the Australasian Antarctic Expedition, there 
were certain physiological lessons which we learnt during sledging journeys. One of 
the most important was the inadequacy—under certain circumstances—of the 34 ounces 
which constituted the daily ration. Inadequate they were to satisfy hunger completely, 
or to repair the tissue waste, if the work were abnormally severe. If all were going 
well, the temperatures were high, and the work was moderate, sledging life seemed 
rather pleasant, and one had, at the end of the day, that comfortable sense of repletion 
which comes to the labourer in a civilised country. Individuals and appetites vary 
a good deal, but he was a difficult person to satisfy who did not settle down to the routine, 
and who did not, from daily habit, regard the amount and quality of the food as all- 
sufficient for his needs, And in this regular discipline we have the key to many of the 
great feats of endurance which have been accomplished by explorers. But in this same 
discipline, we have the explanation of the hidden danger which may not be apparent 
in the sunny weeks of the outward journey, but which may become a real menace when 
superhuman effort is required, and the point is long past when repair and waste are 
fully met by the food absorbed. 
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The evidence of discipline in a reinforcement of the will is sometimes not 
apparent, until one has regained winter quarters and has been confronted with 
provisions in plenty and in variety. Then the pent-up appetite, satisfied hitherto on 
dietetic principles, is, so to speak, released to indulge spaciously. That is to say, the 
usage of a lifetime will assert itself, despite those relative percentages of protein, fat and 
carbohydrate fully supplied by the sledging ration. 


The discipline of sledging is made tolerable by many factors of environment as 
well as by the exhibition of character. There are the novelties of every day, the glimpses 
of new land, the compassing of latitude and longitude, the full-blooded healthfulness, 
the resilient optimism, the unwavering comradeship, the individual idealism, which 
help to make light the grinding routine, so that the satisfaction of an unwonted and 
abnormal hunger is always subservient to the cause of scientific exploration. Still we 
may never forget that it is an animal we are feeding, and that though he be inured to 
privation, he will, inevitably, follow his natural bent. 


In Adelie Land, during the springtime sledging, the three parties who went out 
on the plateau, while the temperatures were low and the wind was very high, consumed 
the full ration and many “ extras,” without any physical inconvenience. During the 
summer, the Eastern Coastal Party, encountering fairly high temperatures on sea ice, 
experienced slight indigestion on account of the fatty “ hoosh.” ‘They perspired a good 
deal and, in consequence, drank as much liquid as possible to assuage their thirst- 
Later, when colder conditions set in and the work was still arduous, the ration did not 
rise to the fullest requirements. On returning to the Hut, fruit and fresh penguin eggs 
seemed to them the most desirable articles of food. The Southern Party worked back 
towards the south magnetic pole, at a height of 6,000 feet. At first, in the super- 
abundance of “ good condition,” they were unable to eat the full ration, but, after a 
few weeks of heavy work, they found, in increasing measure, that it did not meet their 
_ demands. They returned with avidity, at the Hut, to a diet of fresh penguin meat, 
penguin eggs and fruit. Dr. Mawson, during his eventful and tragic journey, lived for 
nearly two months on dogs’ meat and a very scanty ration. He suffered from 
starvation primarily, though he relates that he had cutaneous eruptions accompanied 
by marked desquamation of the skin and loss of hair. For some time, after arriving 
at the Hut, his digestion was impaired and he had a partiality for farinaceous foods, 


fruit and eggs. 


Of course, in polar sledging, the explorer is faced with the difficulty of being 
unable to replenish his food, and by a system of depot-laying is enabled to cover long 
distances. The provisions he uses must be of the best quality, and, for economic 
Yeasons, in a dry condition. The problem of travelling in Antarctica was first 
satisfactorily solved by Captain Scott, who drew on the experience of previous Arctic 
explorers, notably Nansen. Captain Scott has been the pioneer of the South in the 
elaboration of details of equipment, and in the finest possible adjustment of diet to 
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energy expended. It is experience, always, that teaches. The evolution of the polar 
sledging ration has been marked by the scientific effort to supply in their due pro- 
portion those articles which are necessary for the bodily maintenance of the hard 
working sledger. The adaptation has been, in part, artificial, since no manufactured 
food can take the place of fresh, cooked meat, vegetables and fruit of the garden, the 
accustomed loaf of bread, and the eggs and milk of the farm. It is when the man is 
worn down to a threadbare resistance, and yet will adventure in the face of great odds, 
that the inadequacy of the sledging ration is most obvious and the danger of scurvy is 
most imminent. There are limits to the capacity of the human machine. 


Actually the sledging ration has been narrowed down to almost two pounds a 
day. McLintock in 1850 allowed 42 ounces, Nares in 1875, 40 ounces, and the Duke of 
Abruzzi in 1900, 43-5 ounces per day. Since the days of these explorers, water has 
been eliminated more and more from the ration, and the relative amounts of protein, 
fat and carbohydrate have been readjusted. Scott in 1903 used a minimum of 34-7 
ounces, Shackleton in 1908, 34:82 ounces, and our own Expedition in 1911, 34:25 ounces 
a day. 


To come down to details, in Adelie Land the sledging ration apportioned to one’ 
man for a day was composed as follows :—Plasmon biscuit, 12 ounces; pemmican, 8 
ounces; butter, 2 ounces; plasmon ‘chocolate, 2 ounces; dried milk, 5 ounces; sugar, 
4 ounces; cocoa, 1 ounce; tea, -25 ounces. On the assumption that one gramme of 
protein or carbohydrate yields 4-1 calories, and the same amount of fat produces 
9-3 calories, the fuel value of this dry ration has been computed at approximately 
5,136 calories (plasmon biscuit, 1,428 calories; pemmican, 1,516 calories; butter, 418 
calories; plasmon chocolate, 326 calories; dried milk (Glaxo), 804 calories; sugar, 
464 calories; cocoa, 176 calories; and tea, 4 calories). This is a high figure, ranking 
with the potential energy of the food consumed by a blacksmith or a navvy. Hutchison 
supplies a scale which is interesting for purposes of comparison :— 


Rest (e.g., clerk at a desk)... a 331 ces ... 2,500 calories. 
Professional work (e.g., a doctor) ... ex 32 so) PBN, 
Moderate muscular work (e.g., a house-painter)... oc RHPA 4, 
Severe muscular work (e.g., a Shoemaker) a x BAG x, 
Hard labour (e.g., a blacksmith or navvy) = si BAB) yy 


A large proportion of fat is supplied in the pemmican (mixed with 50 per cent. 
of pure lard), the butter, the plasmon chocolate and the dried milk. Fat is a necessity 
in an Antarctic dietary. The prodigious amount of blubber consumed by Esquimaux 
races is-evidence at once of its particular value in a cold climate. Our own experience 
showed how appetite was stimulated by dishes containing a large quantity of fat. 
“ Hoosh ”’—a hot porridge-like mixture of pemmican, lard, and biscuit—-was the 
substantial food, night and morning, “ on the trail,” and the solid butter was a delicacy 
which was eaten by every sledger, for its own sake. 
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The importance of heat, as well as a heat-producing food, is appreciated after 
a day’s work. The tent is pitched, the footwear (finnesko) are changed, and the meal 
is cooked and served hot. After the exertion of hauling the sledge for many hours, the 
circulation of the blood decreases in force, and is often insufficient to warm the feet and 
hands, especially if the temperature of the air is unusually low. It is then that the 
first few sips of hot liquid stimulate the heart, and produce after a short time an 
intense glow all over and through the body. When the meal is finished, the sledger 
~ turns in” to his fur sleeping-bag, thereby conserving precious heat which might be 
otherwise quickly lost by radiation. If the weather is warm, and the sledger is well-fed 
and in good condition, he will sleep, warm, throughout the night. If his superficial fat 
has been lost by overwork, and the atmospheric temperature is sufficiently low, he will 
wake up, after some hours, with cold feet. The amount of ingested food, the degree of 
muscular work, and the bodily reaction to enuaronmeny are often nicely balanced in 
their relation to one another. 


Of the carbohydrates, sugar in particular is a fuel easily and quickly assimilated 
by the working muscles. Chocolate was universally popular amongst the parties who 
explored Adelie Land and King George V Land during the summer, 1912 to 1913. 
Cheese, of higher calorific value, might have taken its place, if the general preference 
had not been for sugar, Morning and evening meals consisted of “ hoosh ” and cocoa, 
while the midday lunch was made off biscuit, chocolate, butter and tea (containing 
dried milk). The morning’s work might have been strenuous, but the sweetened tea 
and the chocolate reduced perceptibly the limb-weariness. It was the custom of some 
of the men to keep a small reserve of chocolate for the late afternoon, to nibble in the 
spells between fatiguing periods of continuous pulling. The consequent relief was 
always noticeable. 


The protein piéce de résistance of the sledging dietary was the pemmican or 
powdered dried beef; next, in order of importance, being the gluten and plasmon 
(casein) content of the biscuits, and the casein of the dried milk and chocolate. Protein 
has been described as “ quick fuel,” and there is no doubt that if personal inclination is 
of any physiological account, the sledger feels that his breakfast and dinner are his chief 
sustenance and mainstay. At the Hut, during the long winter, penguin and seal meat 
were eaten in rotation three, and often four, times a week. Frozen mutton was a 
“treat” for Sunday, and on the other days stews and curries of tinned meat were the 
rule. Tinned fish was ordinarily consumed at lunch, while the breakfast of fruit, 
porridge, bread or scones, was a “light beginning.” There is no doubt that penguin ’ 
and seal meat were relished more and more as the skill of the amateur cooks increased. 
In fact, the penguin steak fully took the place of the beefsteak of civilization. The 
Hastern Coastal Party, at one stage in their journey, encountered a rookery of penguins, 
which made a very welcome innovation for some weeks in the monotonous, but always 
appreciated, ration. Seal blubber, even in Antarctica, is always nauseous at first, and 
it is only as a matter of necessity that one will, with the “ sauce ” of a wolfish appetite, 
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acquire a liking for it. The first distaste for seal meat is mainly due to the small 


lobules of fat, which should, before cooking, be separated from the muscle as far as 
possible. 


Hutchison quotes a standard of the different nutritive constituents which are 
required each day by a man, of average build and weight, doing a moderate amount of 
muscular work. Of protein there are 120 grammes, fat 50 grammes, and carbohydrate 
500 grammes; a total of 670 grammes—in terms of energy, 3,007 calories. . 


For purposes of comparison, we may set out the relative amounts of protein, fat 
and carbohydrate in the daily sledging ration; 310 grammes, 237 grammes and 403 
yrammes, having as heat value 5,136 calories, approximately. In this calculation, 11 
grammes of water, contained in 56-6 grammes (2 ounces) of butter, are neglected, the 
rest of the ration being regarded as dry. It is obvious that, when due regard is paid to 
the much larger amount of food consumed (950 grammes), the relative quantities of 
protein, fat and carbohydrate, according to the normal proportions stated above, 
should be 170, 70, and 710 grammes. That is to say, in Antarctica, the tendency is to 


reduce the carbohydrate, and to increase both fat and protein; the former in greater 
measure than the latter. 


The question has been debated as to the use of alcohol on polar expeditions; 
Whisky, port wine and claret were used very sparingly by the party at Commonwealth 
Bay; in fact it was only on occasions for celebration that alcohol was drunk, and then 
the small stock of luxuries, including jugged hare, asparagus, sweetmeats, cakes and 
fancy biscuits, were also drawn upon. There is no doubt that these special, dinners, 
which occurred monthly, had, on the whole, a very beneficial effect. The psychic 
factor is to be reckoned with during a long polar winter, so that anything in moderation, 
which assists to “‘ raise the tide of life,’ such as a jovial, social gathering—and its 
accompaniments—must always be a great good. The Southern Sledging Party, during 
their return journey from the vicinity of the south magnetic pole, failed to find a depdt 
67 miles from the winter quarters. They (three men) were faced with the necessity of 
travelling this distance, their remaining food being a few negligible scraps of biscuit and 
chocolate. Fortunately, they had, as well, a small store of absolute alcohol, which was 
ordinarily used for lighting the primus stove. Without doubt, the stimulation of small 
quantities of the alcohol, taken from time to time, helped them in safety to the Hut. 
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CuHaprTerR XII. 


PSYCHOLOGY. 


A POLAR expedition is always invested with a certain glamour in the minds of those 
who merely witness its departure, enthuse over its exploits, and welcome it back to 
civil zation. The ends of the earth are plunged in a mystery which is regarded by 
ordinary folk with an indefinable and irrational wonder. Even the mariner of the 
cold southern seas, who careers through the perils of wind and ice in the steel sailing 
ship of to-day, fails to pass by a mental process of simple extension to the frozen plain 
of solid water, and to the scanty beacons of datk land in the wilderness of white. His 
simplicity of outlook, his rigid acceptance of stark actuality, and his deepening mysticism 
are the impediments to a sane understanding. | Even the experienced traveller who has 
rounded the Horn and viewed Iceland and Spitzbergen, breathing more than the 
atmosphere of the ice-world, will do homage to one who has seen the implacable polar 
night and the phenomenal glories of the weird Aurora. Curiously enough, it is. often 
the man of the world, in a local sphere, who has read widely and passed shrewdly in 
review a multitude of characters, who will appraise the explorer at his true worth. Or 
again the thinker—a scientist and a recluse, maybe—who has lived through the imagery 
of books in the very fastnesses of the waste places, will be most competent to judge 


the rationale of polar expeditions. 


The history of Arctic exploration goes back for many centuries to the ancient 
Thule of Pytheas of Massalia. The Antarctic regions, slumbering for generations as 
the Terra Australia of Finné, have only been approached since the days of Cook. Few, 
comparatively, have been the men who have gone north and south, great have been 
the privations and profound has been the tragedy of the lost, glorious has been the 
achievement, and far-reaching have been the discoveries. So the world of humanity, 
wrapped in its own concerns, has merely witnessed a succession of sidelights, illuminating 
aspects of the whole. Therefore they will welcome the explorer as a kind of curio, a 
being who will unravel unseen things, who will hold them like the Ancient Mariner in 
the tense grip of adventurous narrative, and transport them irresistibly to the sphere 
of the unseen. Ignorance—we may say blank ignorance—is the foundation of this 


popular wonder. 


It is scarcely just to expect the busy man of the city, the naive rustic of the 
country, to be otherwise than natural in the face of the unknown. He is curious, he 
is anxious to widen his knowledge, he has, unless dormant and circumscribed, an mnate 
love of the vaster limits of his globe; one with the idealism which tints his conception 
of stars in an infinite universe. And it is this ideal element, greater or less in measure, 
which determines the unconventional life of an explorer, and which often leads hig 
admirer to blind hero-worship. 
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There are in the mind of every discoverer sailing for unseen lands, various motives 
impelling his action. There is the scientific passion for the irradiation of truth—a 
longing to go to the root of the matter and to know ultimate causes. The love of a 
life of action, where will and muscle are strained to the utmost, where the conventions 
and guises of artificialised surroundings are thrown aside for the crude, chill embrace 
of stark realit'es, was immanent in Columbus just as-in Captain Scott of these modern 
days. The fervour to share an adventure with another heroic soul, to be locked in a 
grand enterprise with men of like aspiration; the emulation, the good fellowship, the 
baring of self in true lineaments of character, the corporate sense of a worthy achieve- 
ment carried through vicissitudes to that small pinnacle of human success; all these 
make the romance of exploration. There are some who burn the still flame of pure 
science, and who think in terms of a geographical quest, a geological triumph, a bio- 
logical paradise; but they usually end in finding their own selves. There are youths 
afire with the devilry of daring who would win their spurs in a headlong rush, and these 
have steadied to veterans, young and controlled, with respect for ability and a new 
vision of the infinite bounds of knowledge. But all, novices and men of experience, 
sailors, soldiers and students, specialists in trade and profession, wanderers and learned 
recluses—all in their panoply—have sipped or drunk deep at the chalice of adventure. 


KNOWLEDGE. 


The premonition of great things to be disclosed is so strong and insistent that 
the whole of consciousness is keyed up to live in a new “ universe of discourse.” To 
know, to feel and to will are to be tinctured with novel colours of association, and the 
ethical man is to encounter diverse personality among his comrades, and Nature in 
many moods, lovely, austere and neutral. He will be called to respond to his environ- 
ment, he will be rebuffed or treated with indifference; he will end by relating his con- 


sequent morality to the code of everyday—the human code obtaining among his fellow 
men. 


We may never analyse the elements of primal sensation as they are registered 
in the consciousness of a child who opens his faculties to the early vibrations of the 
world. The foundation of working, responsive mind is laid long before the intellect 
soars as a free agent, turning upon itself a prying gaze of recognition, marking, classi- 
fying, correlating and building up its science of psychology. 


Still, there is in the first sudden impression of the ice-world, striking with novel 
force the adult consciousness of the explorer, something akin to what we may imagine 
is contained in that initial experience of the child. He is, maybe, a dweller in cities, 
small. in geographical conception, unaccustomed to the nostalgia of a wide sweep of 
landscape or a sequestered glade in the forest. The sensation is, therefore, the more 
abrupt and intense, the “ spread ” over and through con,.ciousness. the more enveloping 


and intimate, and consequently the memory at its accession the more retentive and 
accurate. 
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The first iceberg, looming up ghostly and pallid over a grey, heaving sea in the 
stillness of some chill, foggy zone where misty vapours hang motionless above the 
water, makes a deep imprint on an expectant mind. Or the flash of an alabaster 
mountain dripping in the green seas, pierced by shafts of sunlight—azure caverns torn 
in its snowy flanks, the turmoil of surf across the emerald ice-foot, the pinnacles and 
battlements in a sheen of light—all this is ineradicable ! 


Sights and sounds crowd in through the senses as wonder follows wonder, until 
sense-perception tires and passes to its apperceptive phase. 

The world of the pack-ice has succeeded the bergs afloat in the blue solitude of 
the sea. The still ocean is littered with white fragments, giant monoliths, huge bastions, 
broken columns, flattened acres and dishevelled rubble of ice, stretching to a dim southern 
horizon, the azure of the sky’s cope pallid in a motionless blink. 


The eye is swift to connote. The ship’s massive bow grinds into the floes and 
they glide past in growing detail—their sunken bulk shadowy green beneath the water 
line, the billowy beds and clods of new-fallen snow, the compact sheen of the polished 
surface, and the green splinters of sea-ice striking upwards in the pressure ridge ! 
Perception lingers on the unique—the veins of golden yellow lining the upturned bergs— 
the frozen life of the diatoms—the chinks of dark, vaporous blue chiselled in the marble 
facades, the horizontal waving lines of annual snow, the red shrimps clustering in the 
crystal water, the long-drawn blow and foaming swish of the whales, the torpid ease of 
the bulky seals, and the statuesque half-human pose of the penguins. The gelid air, 
the pure sun, the radiant whiteness and the mobile water, amid the immensity of 
solitude, flow in gradually to the consciousness, amid the streams of novelties, as an 


omniscient impression. 

Associations of perception and idea have been quickened. Antarctic life seems 
quaint and bizarre in the biological scheme. The white expanse is an infinite wilderness, 
cold, pitiless and incomprehensible. The scenes of polar expeditions, visualised in 
picture and graphic narrative, receive recognition, and challenge individual interpre- 
tation. The icy walls sculptured, haphazard it seems, in the perfection of nature, 
recall the design of some human monument of civilization; the glancing shaft of an 
ivory pinnacle conjures up an Oriental minaret; the sublimity of this maze of archi- 
tecture, far from the haunts of men, seems a prodigal waste, in the stricture of a com- 
mercial mind. 

The days and weeks pass by, bringing their wealth of undreamt experiences, 
until one has reacted to environment, accepting the kaleidoscope of shifting images as 
inevitable. Reason and imagination have been silently at work reconstructing the 
basis of ideas, extricating the false concept, discarding the preconceived notion, rejecting 
false associations, propelling by an intellectual force the winnowing current of scientific 
knowledge and criticism, But still the synthesis of new-found facts is being made, and 
ever and anon the mind is subjected to the shock of some salient feature, some fresh 


objective. 
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The evening of a day approaches when the sun of midnight rides low over the 
snowy ridge of the upspringing plateau. The torn and writhing glacier suffused with 
palest lilac, surges down and stands in the sheerness of might.as a steel-blue wall, fronting 
the sea that glitters in the slanting sun. The sun has dipped into the cold contour, 
and the warm colour and sparkle die away. The plateau has grown more immense, 
more motionless and mystical. Imagination reaches back to the earthly confine of 
that vast upland plain of crystal thickness overriding the polar height, and sheathing 
the frozen cap of the hemisphere. And imagination, as it will when confronted by 
an oOverawing spaciousness, soars to a supernatural explanation, and there is born 
the essence of religious thought; one with the sense of mortality that springs from 
contemplation of a star beyond the human orbit. The existence of an incomparable 
Divinity becomes a rational and unimpeachable challenge. 


FEELING. 


Accompanying our comprehension of that sudden and picturesque debut into 
an inconceivable world of charm and changing wonder, there are the several thrills 
of superadded sensations, the tingling recognition of apperception and the warm 
motions of fresh ideas. But perhaps mere estheticism grows chill, beside the ardour 


and delight with which one may share with another comrade these first rapt glimpses 
into virgin solitudes. 


One stands beside us on the deck. He has lived the rough, wild life with its 
surfeit of freedom. He has trodden the snows of a thousand miles over that uprising 
ridge, standing far back behind a waste of ice-fettered water. He has told us of those 
evanescent sky-lines mounting in endless undulations to the acme of desolation; he 
has related the inspiration of those dazzling heights, the endless trudge, the jarring 
strain, the sweating discipline of that onward march; we have shuddered at the calm 
tale of unblenching heroism, we have shared instinctively in the uplift of some invincible 
dream of a man’s conquest; we have lain down by the evening fire of contentment, 
and throbbed in the warmth of human effort realised; we have felt the hint of an 
intangible thing—the dumb shaping to a glorious, immanent Divinity. In the glowing 
sense of camaraderie there is the solidest, the most tangible grip on consciousness in 
feeling. 


Another scene. A picture of heavenly hues has awakened anew the sensations. 
The sun of stormy winter sets in the vibrant gold washed along the northern horizon. 
The wind has soughed to the calm as of an immense cathedral of snow and sea, within 
a canopy of sky. Bergs in shapely mirage swim in the liquid rose of the far-away 
ocean, glancing up the palest lilac to the dome above. ‘The zenith is suffused as 
impenetrable violet, arching down to meet the icy pallor of the inscrutable plateau. 
The water is rigid in spreading, frozen plaques—a mirror of the changing shades of 
-sunset colour. It is a scene which spells in feeling—the breathless, inward surge at 
the marvel of unassuming loveliness, and the exquisite workmanship of matchless 
creation, 
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WILL. 


Perhaps there is no element in consciousness—though we may not rationally 
single one out—which receives stronger curb or more decisive strengthening than that 
of will. From the first, the explorer contends with difficulty; he is thrown on his 
own originating resources. He is deceived by the ease of his own daring mind, he 
finds he has failed from neglecting sane foresight, but nevertheless he must win through 
to the semblance of success. 


In the battling days, when a home is won within the snowy maze of a land 
blotted out by racking blizzards, each one is testing his juvenile strength. There is 
the buoyancy of the beginning, the glamour of the far-away end. We may laugh at 
small adversities, knowing that to endure many is to rise to the culmination of mental 
force which will succeed against the formidable power. 


The sledger makes off with his boon companions to seek out the waste places, 
to test his new-found strength against the stern, foodless, cold-gripping wilderness. 
The sun shines on the prospering days, the sledge glides merrily, a hummock of black 
land looms up, and the geography of an unknown latitude has been widened. But 
the trail leads unerringly to danger. And danger, once viewed frontwise with open 
eyes, vanishes to the contingency of every day. The experience of small perils is the 
education to a bland contemplation of horror in its just actuality. The habit of many 
days has ceased to be mere adventure. It is when that habit is rudely broken by the 
fell shock of calamity, that the slumbering sea of volition boils up to prove its strength. 


There is the vision of a figure stumbling, companionless, dragging on through 
the changeless days of threshing, seething snow-drift. He has learnt in times long 
past the lessons of adversity, the grand solitude of self-reliance. - He is impelled to 
stumble on, sinking in the yielding beds of downy snow—so white and pure, yet so 
relentless in its mockery of human suffering! Hands and feet numb to the flapping 
gusts of the sleeting blizzard; yet the heart palpitates hot in the will-driven frame of 
the man who fights for the life still sweet to self, who fights for a life in the service of 
others. It is the figure of a Franklin, of an Oates, of the many names that are em- 
blazoned on the roll of exploring fame. When will has thus risen to a superhuman 
might, 1b bows to its own mortality 
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15. 
. Film of pus from wound of Weddell Seal with bacteria and degenerated 
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EXPLANATION OF THE PLATES. 


Puate 10. 


. Gram-positive, sporing bacillus (3-64 x +6), magn. 1,000, found in morainic 


mud. 


. Gram-positive coccus (1:4), magn. 1,000, found in morainic mud. 

. Gram-positive cocco-bacillus (1-64 x 1-1), magn. 1,000, found in morainic mud. 
p- #.), magn. 1,000, 

. Gram-negative bacillus (2-54 x -4), magn. 1,000, found in morainic mud. 


Puatre 11. 


. Gram-positive, sporing, chained bacillus (3-5 x -8), magn. 1,000, found in 


morainic mud. 


. Gram-positive coccus (1:3), magn. 1,000, found in morainic mud. 


Gram-positive coccus (5), magn. 1,000, found in granite sand. 
Gram-positive coccus (*7), magn. 1,000, found in granite sand. 


PuLate 12. 


. Gram-positive coccus (1-4), magn. 1,000, found in dried alge. 

. Gram-positive bacillus (1-7 x +3), magn. 1,000, found in dried alge. 

. Gram-positive, sporing bacillus (2-8 x -5u), magn. 1,000, found in dried alge. 

. Gram-positive, sporing, chained bacillus (3-54 x -8), magn. 1,000, found in 


dried alge. 


PuatTe 13. 


. Smear of rectum, Giant Petrel. . 
. Gram-positive, sporing, chained bacillus (3-54 x +8), magn. 1,000, 48 hours 


? 


culture, found in morainic mud. 
Film of pus from wound of Weddell Seal. 


leucocytes. 


Puatre 14. 


A Ross Seal with open suppurating wounds and scars. 


PLATE 15. 


Forty-eight hours’ culture of an agar plate, exposed for twelve hours in the Hut. 


PuATE 16. 


The terminal moraine at Cape Denison, from which the specimens of granitic sand, 
morainic mud, and dried alge were procured, 
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Puatre 17. 


The slopes of the land-ice sheet (continental glacier) falling to the sea. 


PLATE 15. 
The Hut at Cape Denison, Adelie Land—the Main Base of the Australasian 
Antarctic Hxpedition. 
PLATE 19. 


The névé surface of the elevated hinterland, some 2,000 feet above sea-level and 50 
miles east of the Main Base Station. 


PLATE 20. 


View to the north from the ice slopes just above the cavern quarried in the glacier 
for inagnetic observations. 
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PREFACE. 


Wuen the late Mr. T. F. Cheeseman prepared his report on ‘“ The Vascular Flora of 
Macquarie Island,” which constitutes Part 3 of this volume, photographic records made 
by Mr. Harold Hamilton and other members of the Australasian Antarctic Expedition 
were not available. This unfortunate circumstance arose from the fact that the bulk of 
the Macquarie Island negatives were found to be missing at that time. On return of the 
parties to Australia, at the conclusion of field operations early in the year 1914, the 
negative collection of the Expedition was placed for copying and co-ordination in the 
hands of Mr. Frank Hurley, who had occupied the post of official photographer to the Ex- 
pedition. His sudden departure later in the year as a member of Sir Ernest Shackleton’s 
Second Antarctic Expedition resulted in temporary chaos in the matter of the negatives 
referred to. Though the bulk of these were taken over by me in the following September 
from their repository, the illustrations relative to the scientific observations of the 
Macquarie Island party were not forthcoming until the return of Frank Hurley to 
Australia in 1919, when he fortunately discovered their whereabouts. 


Upon Mr. Harold Hamilton’s return from active service he supplied notes 
describing a number of the more important photographs illustrating the flora. ‘These 
notes and photographs, which constitute a distinct addition to the ecology of the locality, 
constitute this present publication and should be read in conjunction with the general 
account of the flora presented by Mr. Cheeseman. 


Mr. Hamilton, the author of this part, is himself photographically represented in 
Plate I, where he is seen as the figure to the right resting upon a barrel of stores Just 


previously floated ashore from the relief ship. 
D. MAWSON. 
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ECOLOGICAL NOTES AND [ILLUSTRATIONS OF THE 
FLORA OF MACQUARIE ISLAND. 


By HAROLD HAMILTON, Dominion Museum, Wellington. 


INTRODUCTION. 
dv is to be regretted that the illustrations herein presented were not available in time 
‘for illustrating Mr. Cheeseman’s contribution to these reports “‘ The Vascular Flora of 
Macquarie Island.”’ As now presented, only very short descriptive references are supplied. 
For further detail reference should be made to Mr. Cheeseman’s paper, where also a 
general map of the Antarctic and Subantarctic Regions is provided, in which the actual 


location of Macquarie Island is figured. or fixing the localities of the various photo- 
-graphs presented a map of the Island is herein included. 


The more conspicuous members of the native flora are all photographically 
represented herein. In the immediate vicinity of the several old sealing stations on the 
‘East Coast certain introduced plants have become established. Such introduced species, 
‘though fairly conspicuous in their growth, do not figure in this series of views, which 
is limited to the native flora. The introduced forms are Poa annua, Stellaria media, 
and Cerastium triviale. These grow abundantly around the huts and_ boiling-down 
works at the Nuggets, also at Lusitania Bay and South-Hast Harbour. 


In a general consideration of the plant life of the Island there are to be 
-distinguished three distinct zones based on the topographical form of the land and 


exposure or otherwise to the prevalent gales of that latitude. These three fundamental 
zones are as follow :— 


(1) Raised terraces at and near sea-level.—Such situations are less exposed to the 
wind than the higher land. Also the soil is greatly enriched on these terraces 
by the guano of bird and seal life, which fact reflects upon the luxurious growth 
of rank vegetation typical of such situations. Furthermore, these flats are 
sodden with moisture and traversed at intervals by trickling streams. In 
certain places whole acres are in a state no better than a bog. 


‘Here Poa foliosa, Stilbocarpa polaris and Pleurophyllum hookeri luxuriate. These 
three plants are the most characteristic element in the vegetation of Macquarie Island. 
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A typical view of wet, West Coast terrace land is presented in Plate V. 
Within that view are many small ponds and lakes scattered over the low-lying area. 
Also prominent in this region are quaking swamps covered with a mat of Coprosma 
repens, Pleurophyllum hookeri, and various grasses. Coprosma repens, it should be 
recorded, is a splendid example of a mat-former, especially in the wind-swept marshes of 


the West Coast. 
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2. The hill sides, on which the vegetation is still rich, but less abundant and more 
dwarfed at increasing heights and actually scanty in the most exposed 
situations. Poa foliosa is the most conspicuous element, but in sheltered 


situations a wide range of plant forms exist. 
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3. Lhe Summit of the Island.—This is so wind-swept that the vegetation is much 
reduced. Where fully exposed to the gales it is a wind desert of a semi-bare 


character. The drying effect of the wind is disastrous to many forms of the 
plant life. 


The most conspicuous member of the vegetable associations here ‘is 
Azorella selago, which is frequently arranged along the face of small stony 
terraces as figured in Plates [EX and X. 


A further effect of the prevailing wind is illustrated in Plate VIII, in which 
Srilbocarpa polaris is seen to be distributed in long wind lanes. 


ia 


ISTIWIUS asour 85 asove GEALL VEL 


NW. WIND 


7 


DIRECTION OF BOL WORKS 
(aje GEPILERS HUTS, 


PREVAILING WINDS 


WEST WIND 


Another result of the wind on the vegetation is illustrated in Plate XVII and 
the sketch section here included, which is explanatory of that plate. Note, however, 
that the photo is taken looking south, whereas the sketch map is oriented in the reverse 
direction. The sand patch A indicated in the plate and hatched in the sketch is the 
-only sand area on the Island. It owes its existence to deflection of the prevailing 
westerlies by a rocky ridge, the sand being drawn up on to the lower slope of the hills. 
‘The only vegetation on these sand slopes is an occasional patch of Poa foliosa. The 
plant formation is gradually being killed by the advancing sand. 


In view of the interest attaching to temperature observations* in connection 
with Azorella masses a series of such measurements was made as detailed below. The 


* See these Reports,-Vol. VII, Pt. 3, p. 26. 
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first three series of temperatures were taken by G. F. Ainsworth and H. Hamilton ir 
conjunction on the 4th February, 1913, at an elevation of about 500 feet above sea. 
level at the top of Gadget Gully, on the north-east end of the mainland mass of the 
Island. On that occasion there was a fresh north-west wind blowing and zenith clear 
of cloud. 

The fourth series of temperatures was recorded by H. Hamilton on 8rd May,, 
1913, in the vicinity of Island Lake on the highlands in dull foggy weather with but: 
little wind. 

TEMPERATURES OF Azorella selago CUSHIONS. 


Experiment. 1. 2. 3. 4. 

Air temperature a te ne Se ..|  46°8° F. 46-8° F. 47-0° F. 38-2° F. 
Azorella in shade or sun Hi at orf ..| In sun, In shade. In sun. Dull, fogg 
Temp. of Azorella, thermometer submerged to 54in.) —45-0° F. 43-9° BF. 45:3° BF. 37:0° F. 

» ground | ft. away at depth of 34 in. ...| 47:0° F. 43-9° F. 44-4° F, 39-3° BF. 

sf 7 . + op biti cai! ROP 49-6° F. 43-0° F. 389° F. 

7 *) q, 3 »» Sdin. |  44-0° F. 49-3° F. 42: a 

| ) 


No doubt the nature of the soil, its colour as compared with that of the plant: 
(affecting absorption of sun’s rays), the degree of moisture present, the meteorological 
conditions, the time of day and season of the year, are all factors that play a part in 
the comparative temperatures recorded. Accepting all these variables as influencing 
the result, it seems probable that there is, on the average, a higher temperature gradient 
within the Azorella clumps than in the adjacent soil. 


These notes would not be complete without special reference to Poa foliosa, 
locally known as “ tussock grass,’ which is the most important constituent of the 
vegetation of Macquarie Island. It is well illustrated in Plate I, where it is seen 
luxuriating on the rich soil of an old raised beach, a few feet above sea level, adjacent: 
to the pebbly beach of Hasselborough Bay at the north end of the Island. In this 
illustration it is observed growing in clumps over all the terrace and extending in the 
background far up the hillsides into the mist-enshrouded highlands. 


This remarkable grass forms huge tussocks which, when growing in extremely 
wet ground or standing in running water, become so enormously developed as to stand 
perched on tall stools or trunks several feet in height. It forms “ nigger heads” on 
small creeks traversing the lowland flats, examples of which may be seen in the middle: 
distance on the left of the view in Plate V. 

Near the shore line in localities specially favoured by seal life deep and treacherous. 
bogs, a few feet across, where the sea-elephants wallow and slumber, separate the 
individual tussocks. 

In sheltered localities on the steep slopes Poa foliosa may be met with in pendant 
masses, not erect as in exposed situations. This form appears gracing the steep 


gully sides in Plate VI. 


ECOLOGICAL NOTES AND ILLUSTRATIONS—HAMILTON. 
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LIST OF PLATES. 


Pratr I.—Terrace grassland fringing the rocky beach line of Hasselborough Bay. 
(In colour.) - Photograph by P. E. Correti 


Puate IT.—A clump of SEE, Hookeri in flower. Plotograph by 
H. Haminron ... oe oe “ ey, 


Prats III.—FVig. 1.—A ring of young Pleurophyllum Hookeri plants growing 
around the dead parent root. Photograph by H. Hamiron 


Fig. 2.—A fluviatile terrace above Sandy Bay. AS by 
H. Haminron . 


Puate IV.—Stilbocarpa polaris, showing the flower heads. P/ Phar by 
H. Hamiuron ... 


PLatE V.—View of raised beach terrace came south from West Point. 
Photograph by L. R. BuaKe.. 


Pirate VI.—Waterfall Creek. enceerah by F. J. HenpDERSoN 


Puate VII.—A Pleurophyllum meadow at West Point. Phage by 
H. Hamiuton .. : Ze “. i 


Prate VITI.—A coastal platform at West Point. Photograph by H. Hamitton 


Puate IX.—Fig. 1.—A Pleurophyllum Hookert meadow on the summit of Wireless 
Hill. Photograph by H. Hamiuron 


Fig. 2.—The highest point of the po wind desert. Photograph 
by H. Hamitron 


Pirate X.—A cushion of Azorella selago. Pen by H. Hamirron 
Prate XI.—A cushion of Colobanthus muscoides. Photograph by H. Haminron 


PratE XII.—An old glacial moraine field on the summit of the Island over- 
grown with stunted vegetation. Photograph by L. R. Buake ... 


Puate XITI.—The fern Aspidium vestitum. Photograph by H. Hamiuron 


PLATE XIV.—Aspidium vestitum growing amongst Poa foliosa. sae enere 
by H. Hamirron 


Prate XV.—Luxuriant eae of Acena adscendens. Scie by H. 
HAMILTON : 


PuatE XVI.—A fringe of Cotula plumosa. apeoram by H. Hamitron 


Prate XVII.—View looking south from the summit of Wireless Hill. 


Photograph by X. Merrz 
*6942-B 
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10 AUSTRALASIAN ANTARCTIC EXPEDITION. 


Prare XVITI.—Fig. 1.—The giant kelp Durvillea antarctica writhing in the 
surge of the ocean. Photograph by D. Mawson 


20 

Fig. 2.—A close view of Durvillea antarctica piled on the rocks. 
Photograph by D. Mawson . x3 Pan 26 

PLATE XIX.—The lichen-covered boulders of an-elevated beach. (In colour.' 
Photograph by P. CorrEtt .. 27 


Sydney: Alfred James Kent, Government Printer—1926,. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C. VOL. VII. PART 5. PLATE Il. 


A clump of Pleurophyllum Hookeri in flower on a low-lying coastal platform, on the 19th January, 1913. 


The grass at the left is Agrostis magellanica. P. Hookeri is a handsome plant with sage-green leaves and purple 


flowers. It is abundant and widely distributed on the Island, its habitat ranging from coastal platform to wind-swept 


plateau. 


i 
" 
afi 


‘ig ae 


NAT Gite Mok oot Mel OR KNE 


AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C. VOL. VII. PART 5. PLATE Ill- 


Fig. 2.—A fluviatile terrace above Sandy Bay, 


View taken from a terrace over the creek which is in the foreground out of the picture. 


On the steep creek sides are strong growths of Pleurophyllum Hookeri, Poa foliosa, Stilbocarpa polaris, 

Lomaria penna-marina, Aspidium vestitum, and Acena adscendens. On the terrace itself small, single 
Pp y ASP 3 s 

plants of P. Hookeri are leading, growing in water, very often. On the far hill side the P. foliosa and 


S. polaris are predominant. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. 


Stilbocarba polaris showing the flower heads. 


A remarkable and handsome plant with bright green leaves. Noted to be in seed on February 8th, 1912. Found 


all over the Island growing in large patches, but stunted in the more elevated localities. 
It is sometimes referred to as “‘ Macquarie Island Cabbage,” though it rather resembles a rhubarb plant. Its 
fleshy stems may be eaten as a poor substitute for vegetables. It proved an excellent fodder plant for the few sheep 


brought to the Island; they showed a great partiality for it and fattened on it. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C. VOL. VII. PART 5. PLATE VI- 


Waterfall Creek, on the Eastern side of the Island. 


The steep sides covered with Poa foliosa, encircling patches of Stilbocarpa polaris. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C. VOL. VII. PART 5. PLATE VII. 


A Pleurophyllum Hookeri meadow or association at West Point. 


View looking north-east from West Point showing the north end of the Island. In the foreground a raised beach 


“sloping gradually to the foothills on the right. There is very little Stilbocarpa polaris in this association, it being almost 
solely Pleurophyllum Hookeri. 
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SERIES C. VOL. VII. PART 5. PLATE VIII 


Looking directly at West Point from the slopes of the foothills. 


A coastal platform about 30 feet in elevation above sea-level. Most of this area is a quaking swamp, possible to 
‘walk over in most places. - The lines of Pleurophyllum Hookert, well seen in the foreground, show the direction of the 


prevailing westerly winds. The seeds are distributed down wind, and the seedlings are sheltered inthe lee of the parent 


plants. The dark patches in the middle distance are slight mounds covered with Stilbocarpa polaris and Acena adscendens, 


Loprosma repens and Juncus scheuchzerioides form a springy cushion between the P. Hookeri rows. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C. VOL VII. PART 5. PLATE IX. 


Fig 1.—A Pleurophyllum Hookeri meadow on the summit of Wireless Hill at the northern extremity of the Island. 


In flower October 28th, 1912. 


Fig 2.—The highest point of the upland wind desert. 


The stunted plants Azorella selago, Pleurophyllum Hookeri, mosses and grasses survive only in terraces and 
lines lying parallel to the direction of the prevailing wind. 
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AUST RALASIAN ANTARCTIC EXPEDITION. SERIES CGC VOL. Vil. PART 5. PLATE X. 


A cushion of Azorella selago. 


Note thermometer case for scale. Flowers seen on the West Coast on November 7th, 1912. This plant assumes 
bright green convex masses or cushions of stems and leaves. This form is very resistant to the wind, and though dis- 
tributed throughout the Island figures most conspicuously in the wind-swept areas. It assumes cushions of large 
dimensions, some were noted to occupy an area of 35 square feet, the cushion being unbroken and standing 2 feet above 
the ground level. On the true upland wind desert this plant occupies acres in extent, but is broken up into small patches 
separated by bare stony ground. On these “ wind terraces” the Azorella occupies the slopes between two successive 
terraces as indicated in the sketch herewith. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. 


SERIES C. 


VOL. VII. PART 5. 


PLATE XI. 


A cushion of Colobanthus muscoides several feet across growing on a rock on the shingle beach just above high-water 
mark, 15 yards from the sea. 


Photo at the north end of Macquarie Island. It was actually in flower when photographed. Poa Hamiltoni (2 
is seen in association with it. 
foliosa formation. 


Out of ‘focus in the background is seen a fringe of Cotula plumosa bordering the Poa 
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AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C. VOL. Vil. PART 5. PLATE XII. 


An old glacial moraine field on the summit of the Island, towards the north end. 


Large boulders covered with black moss, the smaller rocks bound together and covered with Azorella selago 
sand Oolobanthus muscoides. The P. Hookeri and other plants (grasses, &c.) are stunted and dwarfed by the altitude 


(1,100 feet) and wind effects. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C. VOL. VII. PART 5, PLATE XIII. 


The fern Aspidium vestitum growing in a sheltered locality at South East Harbour. 


The largest fronds would be 4 feet long. Stilbocarpa-polaris surrounds the clump. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C VOL. VIl. PART 5. PLATE XIV. 


Asbidium vestitum growing amongst Poa foliosa in the neighbourhood of the. Nuggets. 


This fern has a wide distribution in sheltered localities throughout the Island. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C. VOL. Vil. PART 5. PLATE XV. 


A luxuriant growth of Acena adscendens surrounding a plant of §. polaris. 


This growth is on a peat knoll such as are met with on the terrace near West Point. This is a rubescent plant, 
-common near the sea, but ascending to a considerable height on the hill sides, where, however, it is somewhat dwarfed. 
It assumes the mat form in situations unprotected from the wind. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C. VOL. VII. PART 5. PLATE XVI- 


This plant is found as luxuriant blue-green patches on the coastal flats. It 
is abundant along the shore on rocks or gravel or in grassy places, but never 
far from the sea. 


In its early stages this plant assumes a definite “‘ rosette ” form as shown in 
sketch. On a track cleared through the tussock in the autumn of 1912, 
young Cotula plants appeared keeping their rosette form until about 3 inches 
in diameter. They then began to ramify. 
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AUSTRALASIAN ANTARCTIC EXPEDITION. SERIES C. VOL VII. PART 5. PLATE XVII. 


View looking south from the North End (Wireless Hill), showing the-isthmus connecting with the mainland. 


Above the beach, at the spot marked “ A,” is the only sand area on the Island. This accumulation of sand is 
-effected by the westerly winds deflected as indicated in the sketch map on page 7. The only vegetation on that 
sandy slope is an occasional patch of P. foliosa. The plant formation is gradually being killed by the advancing sand. 

On the sea beach below, Cotula plumosa makes a small stand. 

The top of Wireless Hill (in the foreground) is flat, boggy in places, and contains areas of peat. The predominant 

splant covering here is P. folicsa. 
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AUSTRALASIAN ANTARCTIC EXPEDITION SERIES C. VOL. Vil. PART 5. PLATE XVIII. 


Fig 1.—Masses of the giant kelp Durvillea antarctica writhing in the surge of the ocean swell amongst rocky reefs 
bordering Hasselborough Bay. 


This giant marine alga is a most conspicuous feature of the rocky coast line. It grows attached to the rocks at’ 
one end and floats upwards, yards in length, towards the surface. So thickly and rankly is it matted along some portions 
of the coast, that the sea-elephants often find difficulty to force a passage through it to the land. 


Fig. 2.—A close view of Durvillea antarctica piled on the rocks at low tide, 


A baby sea-elephantis seen basking thereon. 
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